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Abstract 
 
Bucciferro, Justin Robert (Ph.D., Economics) 
The Economic Geography of Race in Post-Conquest Brazil 
Thesis directed by Professor Murat F. Iyigun 
 
I investigate the economic determinants of the spatial distribution of race in Brazil from 
1500 to 2000 C.E.  I construct time-series for the populations of European, African, and Native 
peoples within the borders of twenty modern states and find that areas with more valuable 
natural resources adopted slavery but the race of those slaves (African or Native) depended on 
their relative cost. 
In Chapter Two, I compile all published statistics on the demographic history of Brazil.  I 
discuss the political economy of each period, and trace the evolution of each region from a 
population of Indigenous, to African or European, and then European or African descent.  I 
examine population growth rates and map the extent of Portuguese settlement over time. 
In Chapter Three, I evaluate these figures with respect to population estimates based on 
the production of staples and African slave imports.  Surprisingly, I find that the African and 
Mulatto population had positive rates of natural increase earlier than thought.  The results 
indicate that the population data have acceptable margins of error. 
In Chapter Four, I quantify the size of the indigenous population and its spatial 
distribution at Contact.  Predator-prey and agricultural-yields models are combined to calculate 
the sustainable carrying capacity of Natives.  Furthermore, I consider the allocation of resources 
 iv
 
to farming versus hunting-and-gathering.  My resulting population estimates are within the range 
of existing figures (but may be revised upwards) and at a fine resolution. 
Using these data, in Chapter Five I examine the determinants of spatial and temporal 
variation of race in Brazil.  I present a model in which slave owners choose the optimal mix of 
slaves based on their productivity, mortality, and price.  Using transportation costs to proxy for 
prices, I evaluate the model and conclude that increased scarcity of Native labor led to the 
adoption of African slaves, particularly where most profitable. 
In this dissertation, I present a reliable consolidated source of disaggregated population 
data over the history of Brazil that explicitly considers the dynamics of African and Native 
populations.  The data confirm that the racial composition of Brazil is largely a vestige of the 
pre-abolition economy. 
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Chapter One 
Introduction 
 
I. Overview 
 
In the Americas – North and South America and the Caribbean – there is considerable 
racial diversity across countries.  In Peru, Bolivia, and Ecuador, Mexico, Guatemala, and 
Nicaragua, the population has a large Indigenous component; in Canada and the United States, 
Uruguay and Argentina, European; and, in Haiti and Jamaica, Venezuela and Brazil, African.  
Within countries, racial contrasts are equally as great: in the U.S., the racial makeup of the north 
differs from that of the south; in Brazil, the south from the north.  Some racial patterns are 
difficult to explain, such as African or Asian enclaves in the Andes and Mesoamerica. 
If the Americas were only inhabited by native peoples about five hundred years ago, why 
do we see such variation in race across and within countries today?  I examine this question for 
the case of Brazil, a country that covers 6.8 million square-kilometers and currently has 190 
million inhabitants, mostly of African and European descent (Instituto Brasileiro de Geografia e 
Estatística).  Brazil is an interesting case because of its size and diversity; however, 
documentation of its population history is lacking.  Furthermore, although it received the largest 
number of African slaves, Brazil has the ‘worst recorded’ trans-Atlantic trade (Eltis et al., 1999). 
A substantial portion of this work is dedicated to consolidating, remedying, and analyzing 
the data: In Chapter Two, I document the population history of Brazil pulling together all extant 
sources from 1500 to 2000 C.E. by race and state.  The early figures are often unreliable so, in 
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Chapter Three, I compare the population data to production- and slave-import-based headcount 
estimates.  In Chapter Four, I assess the size of the pre-Contact native population using a human 
carrying capacity framework that combines predator-prey and agricultural-yield models.  Finally, 
I present a formal theory of the determinants of race in the New World in Chapter Five, and 
evaluate it against the population data for Brazil.  These chapters explore the interaction of 
demography, economy, and geography over the course of Brazil’s history and together provide a 
comprehensive account of the spatial distribution of race. 
Racial diversity has important connections for economic development in the Americas, 
affecting the level and growth rate of income per-capita, institutional quality, and public-goods 
provision (Engerman and Sokoloff, 2000).  Easterly and Levine (1997), Alesina, Baqir, and 
Easterly (1999), and Miguel and Gugerty (2005) conclude that racial (ethnic) fractionalization 
slows economic growth by making it difficult to agree on the provision of public services.  
Although there are also the benefits of diversity (higher productivity), the net effect is positive 
only at high income levels (Alesina and LaFerrara, 2005).  It is therefore important to document 
the spatial distribution of race over time and identify its underlying causes. 
In the next sections, I will briefly summarize each chapter.  Afterwards, I will highlight 
the most important overall results and contributions of this work. 
 
II. Chapter Two – The Demographic History of Brazil 
 
Current estimates of the population of early Brazil are tentative and coverage is 
incomplete – little is known about historical population trends, particularly at the sub-national 
level.  I document the spatial distribution of the population and its racial composition over the 
  
3
period from 1500 to 2000.  I review all primary and secondary sources, present the data around 
fourteen periods, and show how ‘Brazil’ expanded from a few settlements to eventually cover 
half of the South-American landmass. 
The data indicate that Brazil transformed from an ‘Indigenous’ to an ‘African’ to a 
‘European’ country over the course of five hundred years.  The first reversal occurred in the 
northeast at the turn of the seventeenth century, and in the north and southeast about 150 years 
later.  In the late nineteenth century, immigration made Europeans a majority in the southeast 
and shifted the racial identity of the country as a whole. 
The annual growth rates of Brazil are high by historical standards: from 1 to 1.5% for the 
18th century, 2% for the 19th century, and 2.5% for the 20th century.  The regions that grew the 
fastest during the first half of Brazil’s history experienced the slowest growth during the last 250 
years.  Slaves had negative natural rates of increase.  African and Mulatto population growth 
rates approached those of Europeans, but Indigenous populations never fully rebounded from 
their post-Conquest collapse. 
This is the first complete source of population data for Brazil that describes sub-national 
racial trends from 1500 to present.  Furthermore, I demonstrate how territorial claims and 
geographical features channeled the expansion of the frontier and discuss the limitations of the 
data, which are a resource for researchers in numerous fields. 
 
III. Chapter Three – Staples and Slaves: Production and Population in Early Brazil 
 
The Brazilian economy was founded on slave labor, first Indigenous and then African.  
Brazil imported the largest number of African slaves of any country in the Americas, so its 
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economic and demographic histories are much-intertwined.  By combining all available 
evidence, it is possible to give an appraisal of the population data and delineate the demographic 
histories of Native and African peoples during the first centuries of Colonization. 
In Chapter Two, I present evidence on the population of Brazil over time, but some 
estimates are potentially unreliable and the data are incomplete.  In Chapter Three, I evaluate the 
population data with respect to the output of three important staples – sugar, gold, and coffee – 
and the estimated annual imports of African slaves.  I consolidate existing production statistics, 
review the evidence on worker productivity, and calculate the required workforce in each sector 
by state and time-period.  In addition, I use the recorded voyages to Brazil from the Trans-
Atlantic Slave Trade Database to form new estimates of annual African slave imports, and 
project the corresponding population for each region-period.  I then compare the production- and 
slave-based estimates with the population data. 
The population data fall within +/- 20% of these benchmark estimates and are often quite 
close.  Furthermore, this new analysis of the slave trade data reveal an unexpected trend: the 
African and Mulatto population likely experienced positive rates of natural growth much earlier 
than formerly thought, possibly during the eighteenth, or even seventeenth, century. 
Like the disaggregated population data, statistics on the production of key commodities 
have generally not been presented for periods more than a century.  I apply techniques to 
evaluate the population data that are not new, but which have never been applied in a systematic 
way.  The production- and slave-trade-based estimates supplement the existing statistics and give 
a better notion of Brazil’s early population history. 
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IV. Chapter Four – The Population of Brazil in 1500: An Ecological Economics Approach 
 
Before Contact, Brazil may have been inhabited by from one (Rosenblat, 1954) to over 
six (Denevan, 1976) million people.  The size of the initial population is important because 
higher estimates suggest a faster demographic decline during Colonization.  The Natives were 
the primary labor force in the settlements during the sixteenth and seventeenth centuries 
(Marchant, 1942), but there are few descriptions of the Native population until the 1800s.  What 
was the population of Brazil and its spatial distribution upon ‘discovery’ in the year 1500? 
I examine this question by calculating the sustainable carrying capacity of each 
ecosystem given the extant Native technology.  I combine predator-prey and agricultural-yield 
models to estimate the population in a world where energy is the single limiting factor.  This 
involves detailed ethnohistorical, ecological, and crop yield data.  I conclude that there were 
from 1.14 to 3.26 million people living in Brazil before Conquest.  This is within the range of 
previous estimates, but may be revised upward as new information about indigenous 
management techniques becomes available.  The corresponding population density is from 0.9 to 
2.6 people per square-kilometer – higher than consensus – for areas thought to be inhabited. 
My model recognizes the tradeoff between hunting and gathering and settled agriculture, 
allowing for a choice of area-planted.  The resulting estimates of the pre-Contact population are 
at a resolution of 20 km2 and are based upon remote-sensing data.  Forward-induction techniques 
may be used to project the Native population for future periods, and thereby supplement the 
sparse available statistics.  The results are suggestive of the types of societies the Portuguese 
encountered in the New World and the early economic organization of their settlements. 
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V. Chapter Five – The Economic Geography of Race in the New World 
 
In Brazil, where there were perhaps 2.5 million native inhabitants in 1500 (Hemming, 
1978), by 2000, only 730 thousand people claimed to be “indigenous” versus 91 million who 
identified as “white,” 65 million as “brown,” and 11 million as “black.”  The northeastern states 
of Paraíba, Pernambuco, and Bahia today are two-thirds “brown” or “black” and one-third 
“white”; the southern states of Espírito Santo, Rio de Janeiro, and São Paulo are two-thirds 
“white” and one-third “brown” or “black” – nowhere are “indigenous” peoples more than a few 
percent of the population (IBGE). 
In this chapter, I posit that the evolution of race in the New World was greatly influenced 
by the economy: In areas where gold was discovered or the soil and climate were suitable for 
growing sugar or coffee, slavery was adopted (Sokoloff and Engerman, 2000); the racial 
composition of the population was affected by the relative productivity, mortality, and price of 
Native and African slaves. 
Using the population data from Chapter Two, supplemented by the new estimates of the 
African population from Chapter Three and forward projection of the initial Native population 
based on Steward’s (1946) estimates, I test the predictions of the model and find that Africans 
substituted for Natives in response to shifting labor costs, particularly where slavery was most 
profitable.  My model explains two-thirds of variation in the relative size of these two groups and 
suggests a unit elasticity of the ratio of Africans to Natives to the inverse ratio of their prices.  
The results are robust to different categorizations of peoples of African descent, measures of 
prices, or growth rates of the Indigenous population. 
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VI. Summary of Results and Contribution 
 
I ask why the racial composition of Brazil has varied over time and across regions.  Once 
‘Aboriginal’, Brazil became ‘African’ in the 17th century and ‘European’ in the 19th.  Today, 
two-thirds of the north(east) population is of African descent and one-third European; one-third 
of the south(east) population is of African descent and two-thirds European – only one-half-of-
one-percent of the population of either region is aboriginal.  I conclude that the economic 
organization of the colonies was a major factor underlying the history of race in Brazil, and 
possibly more generally in much of the Americas. 
Natural resource wealth was a precondition of slavery; slaves were Native and African 
and race evolved according to the size of the local Native population and the price of African 
slaves on the international market.  People understand the connection between slavery and race, 
but less so the underlying economics and its spatial distribution.  Because of discrimination and 
inequality, racial fractionalization is a source of underdevelopment (Alesina and LaFerrara, 
2005; Sokoloff and Engerman, 2000) so it is important to study the origins and evolution of race 
in the Americas. 
My model, in which factor endowments and the relative cost of African and Native slaves 
determine the racial makeup of the population, is shown to explain up to two-thirds of variation 
in the relative size of the these groups.  A 1% increase in the price of Native labor (a 5 km 
westward shift of the frontier) caused a 0.8% increase in the ratio of Africans to Natives (an 
additional 16,000 Africans) in the sample, a robust relationship. 
Separately, I find that Brazil had relatively high annual population growth rates: 1 to 
1.5% for the 18th century, and 2 to 2.5% for the 19th and 20th centuries.  It was fastest in the 
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northeast during the first centuries of colonization, but more recently this region has grown at a 
slower pace than the south and north.  I also calculate growth rates by race and servile status 
(slave vs. free) and discover evidence of rapid African/Mulatto population growth in most states, 
but only moderate growth of the Indigenous population during the past three centuries; the 
natural rate of increase of slaves was almost always negative. 
I also provide analyses of historical staple production and the trans-Atlantic slave trade in 
order to create benchmarks for the population data.  I find that the data are accurate within +/- 
20%.  Unexpectedly, I discover that the African/Mulatto population had positive rates of natural 
increase earlier than commonly believed.  The experience of Indigenous peoples is considered 
using new, high-resolution estimates of their initial population.  There were from 1.14 to 3.26 
million people living in Brazil ca. 1500 with higher population densities than the current 
consensus, implying a rather swift post-Conquest demographic collapse. 
The Brazilian economy was founded on slave labor; Brazil imported the most African 
slaves of any country in the Americas, so its economic and demographic histories should be 
considered together.  I provide new sets of population figures, output statistics, and carrying 
capacity estimates which confirm the reliability of the historical data and produce relatively 
complete time-series of the population of Brazilian states by race. 
I am not the first to apply these techniques; however, this is the first time they have been 
applied broadly.  This work provides a complete source of population data for Brazil that 
describes sub-national racial trends from 1500; it also explores how territorial claims and 
geography affected the movement of the frontier.  Particular emphasis is placed on African and 
Native populations – groups which have not received sufficient attention in historical texts. 
 
  
9
 
Natural resource endowments influenced colonial labor arrangements.  In some areas, 
Native population decline prompted the importation of African slaves.  In other areas, the 
solution to the labor-scarcity problem was debt servitude (Grubb, 2000).  This dynamic shaped 
the racial makeup of the Americas.  Data on the racial composition of Brazil over its history 
support this theory and the results are robust.  By exploring the circumstances under which 
different racial groups became established in the Americas, I hope to further our understanding 
of the Americas’ roots of racial geography and offer new directions for future research in 
economic history and development. 
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Chapter Two 
The Demographic History of Brazil 
 
I. Introduction 
 
The contours of world population history have been described by such authors as 
McEvedy and Jones (1978) and Livi-Bacci (1992).  The demographic history of Latin America is 
presented in more detail by Rosenblat (1954) and Sánchez-Albornoz (1974).  Yet a closer 
examination of the data for any particular country in this region reveals how tentative current 
estimates really are.  It also demonstrates how little is known about historical population trends 
at the sub-national level. 
I will present what, to my knowledge, is the first population history of Brazil that 
documents both the spatial distribution of the population and its racial composition over the 
period from 1500 to 2000 C.E.  Brazil is, both in terms of size (6.8 million km2) and population 
(190 million), the largest country in Latin America and one of the largest in the world.  I will 
examine the existing primary and secondary sources, summarize the data over 25- to 50-year 
periods, and display how the territory of ‘Brazil’ expanded from a few European settlements to 
eventually cover half of the South-American landmass.1 
The growth of human populations is closely connected to economic development.  Larger 
populations can produce more; simultaneously, more productive economies can support larger 
populations.  The spatial distribution of populations also has implications for development: for 
                                                 
1
 Please note: I am only documenting the Indigenous population within the Portuguese settlements.  The Indigenous 
population outside of the settlements is unknown, a question I examine in Chapter Four. 
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instance, urbanization is associated with greater wealth but can intensify urban-rural inequality.  
In addition, demographic characteristics such as race, age, and gender have prominent roles in 
modern theories of economic development. 
I document Brazil’s transition from an ‘Indigenous’ to an ‘African’ to a ‘European’ 
country over the course of five hundred years.  The first reversal occurred in the northeast at the 
turn of the seventeenth century, but not in the north and southeast until about 150 years later.  In 
the late nineteenth century, European immigration made this group a majority in the southeast 
and shifted the racial identity of the country as a whole. 
Brazil had relatively high population growth during its history: I calculate growth rates of 
1 to 1.5% for the 18th century, about 2% for the 19th century, and roughly 2.5% for the 20th 
century.  The regions that grew the fastest during the first half of Brazil’s history lagged during 
the last 250 years: The north and south grew at 2-3% a year, but the northeast, center-west, and 
southeast experienced annual growth rates of below 2%.  This shift parallels changes in the 
economic organization of society. 
In addition to providing a consolidated source of population data, I explore how territorial 
claims and geographical features (e.g. climate, topography) guided the expansion of Brazilian 
society.  I give careful consideration of the nature of extant population statistics and discuss their 
limitations.  These data further our knowledge of population history and are a resource for 
researchers in economic development and other disciplines. 
 
II. The Sixteenth Century 
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The two centuries preceding the discovery of the Americas were a period of Portuguese 
maritime expansion fueled by the expulsion of the Moors from the Iberian Peninsula, 
geographical advantage, and the encouragement of Italian merchants (Mauro, 2000).  The 
Portuguese explored the Atlantic islands (1340-1420), established trading posts down the African 
coast (1415-1475), and then navigated around South Africa and into the Indian Ocean toward 
Asia.  It was during one such voyage to India in 1500 that the Portuguese accidentally landed in 
South America.  The sea route to India from Portugal involved navigating down the African 
coast and then shifting west upon reaching Sierra Leone, crossing the trade winds, then catching 
the countercurrent at 30 degrees south latitude toward South Africa (Mauro, 2000).  Pedro 
Álvares Cabral led an expedition to India in 1500 as a follow-up to Vasco de Gama’s trip the 
previous year; the fleet was pulled westward and encountered Brazil (Johnson, 1987). 
This first contact with Brazil was followed by a period of trade with the Natives in a style 
similar to that adopted by the Portuguese on the African coast.  Fortified trading posts, or 
factories, were established to trade with the Natives for brasilwood (a prized dyewood from 
which Brazil derived its name).  During the period from 1500-1530 known as the ‘factory 
period’ there were very few Europeans living year-round in the factories and no settlements.  
Pressed by French encroachment on the brasilwood trade and European challenges for the 
region, the crown decided to settle the lands which lay within its domain as established by the 
Treaty of Tordesillas (Gonçalves de Souza, 2000). 
The Treaty of Tordesillas (1494) had divided any discoveries in the New World to either 
Spain or Portugal to the west and east, respectively, of the Line of Tordesillas, 370 leagues 
(1,110 miles) west of the Cape Verde Islands (Calmon, 1939).  This division was based on a 
legal tradition of papal authority over the world that was not necessarily respected by the other 
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European countries (Johnson, 1987).  Another complication was that it was not precisely known, 
given the technology of the time, where the Line of Tordesillas crossed the South American 
landmass.  Although the coast of Brazil was clearly within the Portuguese sphere, in practice the 
Line was thought to pass across the mouths of the River Plate and the Amazon (Johnson, 1987). 
The settlement of Portuguese America began with the division of South America to the 
east of the Line into fifteen lots which were allocated to twelve men with court connections 
(Johnson, 1987).1  As with the location of the Line, it was not precisely known where these 
divisions lay; furthermore, variations in the coastline made the size of these grants extremely 
unequal. 
The boundaries of each ‘captaincy’ are displayed in Figure I based on the geographic 
descriptions of Varnhagen (1956).  The captaincies are enumerated beginning with that of 
Martim Afonso de Sousa, who led an expedition to Brazil from 1530-33 and established São 
Vicente in 1532.  In the letter to him dated September 28, 1532, Dom João III first indicated his 
intention to divide Brazil into captaincies of 50 leagues of coastline each, ranging from 
Pernambuco to the River Plate; in following years, this range was shifted northward, avoiding 
conflicts with the Spanish and incorporating the Amazon basin (Gonçalves de Souza, 2000).2 
 
 
 
 
                                                 
1
 Two ‘donatory captains’ received two captaincies each and one captaincy had two parts.  The location of 
the Line of Tordesillas on this map is 49°30’W, the 1529 interpretation by Ribeiro in Marchant (1942). 
 
2
 According to Gonçalves de Souza (2000), the Portuguese and Spanish never jointly surveyed the Line of 
Tordesillas, as stipulated in the Treaty.  The diplomatic situation was sensitive and, rather that incite the Spanish, the 
captaincies were demarcated beginning further north in Santana (about 28⅓°S). 
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Figure I. Captaincies and Settlements of Brazil ca. 1545’ 
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Although fourteen captaincies were created, only ten were settled (Johnson, 1987).  The 
captaincies were generally named after their main settlements.  The first captaincy of Martim 
Afonso de Sousa (labeled I in Figure I), whose principal settlement was São Vicente, was the 
first area of Brazil settled.  According to the letter of Luís de Góis to Dom João III dated May 12, 
1548, the entire captaincy had six hundred settlers, three thousand slaves (likely Indigenous), and 
six sugar plantations (Varnhagen, 1956). 
Santos, the first settlement in the captaincy of Pêro Lopes de Sousa (III), was located on 
the island bordering São Vicente (on the map they are almost indistinguishable).  The second 
land grants of both Martim Afonso de Sousa and Pêro Lopes de Sousa (II and IV, respectively) 
would not be settled for several decades.  Moving to the north, the capital of the third territory of 
Pêro Lopes de Sousa (XI), Conçeição, was located on the island Itamaracá that lent its name to 
the captaincy.  The adjacent captaincy to the south of Itamaracá (X) belonged to Duarte Coelho 
and was named Pernambuco.  This was to be the most geographically-favorable region of the 
entire territory and Coelho one of the most apt donatory captains; some settlers were involved in 
the cotton or sugar industries, others were masons, blacksmiths, or carpenters (Varnhagen, 
1956).  A small factory of Pêro Lopes existed in this area; its administration passed to Coelho, 
was named Olinda, and became the seat of the captaincy.  Olinda evolved into the modern city of 
Recife, the name of the adjacent port.  A second settlement was Igaraçu, located on the northern 
border of the captaincy. 
The captaincy of Vasco Fernandes Coutinho (VI) was settled at about the same time as 
that of Coelho.  The first settlement was located in a port known to the Portuguese navigators 
called Espírito Santo.  A sugarcane plantation was established.1  The settlers then moved to an 
                                                 
1
 Letter of Ambrósio de Meira to the King, Espírito Santo, 1545, Anais da Biblioteca Nacional, LVII, p.13. 
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island and named the new settlement Vitória; the old village was called Vila Velha.  This 
captaincy, unlike São Vicente and Pernambuco, would fall into disorder (Varnhagen). 
The first village in the captaincy of Pêro do Campo Tourinho (VII), Porto Seguro, was 
located on the very mount where Álvares Cabral planted a cross after discovering Brazil forty 
years earlier.  The production of sugar was limited.1  Although the village enjoyed relative peace 
during the tenure of Campo Tourinho, there followed many battles with the Aimoré and some 
towns, including Santa Cruz, were destroyed (Varnhagen).  The adjacent captaincy to the north, 
belonging to Jorge de Figueiredo Correia (VIII), had its first settlement in the port of Ilhéus, 
named São Jorge (currently Ilhéus).  Varnhagen suggests that this was the first captaincy to 
cultivate sugarcane, even prior to the period of “proprietary settlement.”2 
In summary, by 1545 only seven of the fourteen captaincies had been settled: São 
Vicente (I), Santos (III), Itamaracá (XI), Pernambuco (X), Espírito Santo (VI), Porto Seguro 
(VII), and Ilhéus (VIII).  São Vicente and Pernambuco, whose economies centered on sugar 
production, were the two most-successful captaincies during this period.3  According to Schwartz 
(1985), sugar production in Brazil dates from as early as 1516 when the Casa da India mandated 
that a sugar technician be sent to found a mill (engenho).  Although sugarcane is not an endemic 
crop, the climate of Brazil is particularly suitable for its cultivation (Blume, 1985). 
The boundaries of the captaincies shown in Figure I tell us little about Brazilian society 
during the first half of the sixteenth century, other than the first settlements became important 
foci in the evolution of Brazilian history.  The settlements were chosen for their favorable 
                                                 
1
 Letter of Duarte de Lemos, 1550, História da Colonização Portuguesa do Brasil, III, 267. 
 
2
 Gabriel Soares de Sousa (1587) claims that Ilhéus, not São Vicente, was the first captaincy to cultivate 
sugar.  Varnhagen concludes that some sugar was sent to Portugal at least since 1526. 
 
3
 Johnson (1987) also makes this statement.  Furthermore, he mentions three captaincies not described here 
whose initial settlement was a total failure: those of Pêro de Góis (V), Fernão Álvares de Andrade (XIV), and 
Francisco Pereira Coutinho (IX).  In the captaincies not mentioned, there was no attempt at settlement. 
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harbors and defensable ports.  It was at these points that the Europeans came into contact with 
Natives and where the local factor endowments met European technology.  These locations serve 
as important references in the discussion of the demographic history of Brazil. 
The population statistics for this period are approximations cited by administrators in 
correspondence, usually with the Portuguese Crown.  The statistics for European settlers, or 
households, were generally reported, as were the number of slaves.  The slaves were 
predominantly Indigenous at this time, although there were small numbers of Africans in most of 
the colonies.  The numbers may not refer to the entire captaincy, but only to the major cities, and 
are reported accordingly.  These figures therefore probably underestimate the population of each 
captaincy, but still provide an indicator of the racial composition of society. 
Although we do not have population figures for each settlement, it is believed that there 
were at most three to four thousand European settlers in Brazil by 1549 (Marcílio, 1984).  The 
capital of São Vicente was home to about 600 Europeans in 1548 (letter of Luís de Góis to the 
King dated May 12, 1548).  Santo Amaro (the adjacent captaincy to the north) had a smaller 
population than São Vicente (Calmon, 1939).  The only other information available is from 
Tomé de Sousa, the new Royal Governor of Brazil, who re-established the settlement in Bahia in 
1549 with 320 Portuguese (Documentos Historicos, XXXVIII).  In sum, the seven ‘successful’ 
settlements in 1545 may have had from four to six hundred settlers, as Ribeiro (2000) proposes. 
The letter of Luís de Góis to the King from May 12, 1548 claims that the captaincy of 
São Vicente had three thousand slaves.  It is unclear whether any were Africans.  The evidence 
suggests that they were predominantly Indigenous because there are no references to any 
shipments of Africans to the colony up until that time.  The importation of African slaves 
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appears to have been officially authorized in 1549 (Marcílio, 1984) but some numbers may have 
been transported to Brazil much earlier. 
Individuals may have brought slaves with them to the colony.  Pero Capico, who owned 
sugar plantations on the Atlantic islands, probably brought some of his African slaves with him 
to establish sugar plantations in Brazil in 1516 (Goulart, 1975).  This may also have been true for 
the first hereditary captain Martim Afonso de Sousa (São Vicente) in 1530.  Goulart cites two 
documents where the captains Duarte Coelho (Pernambuco) and Pêro de Goís (São Tomé) solicit 
the importation of African slaves in 1545.  In fact, Johnson (1987) suggests that Pêro de Goís 
and Jorge de Figueredo Correia (Ilhéus), through connections with Italian merchants, were able 
to import laborers and Guinea slaves over the period from 1545-9.  The arrival of African slaves 
to Brazil was sporadic until 1550, when Portugal sent a shipment to Salvador (Bahia).  In 
response to rising labor demand, it was accorded in 1559 that each engenho owner could import 
up to 120 Congo slaves.1 
The available primary sources, including those cited by these authors, suggest a total 
African population in Ilhéus ca. 1545 of perhaps 400 (As Gavetas da Torre do Tombo, Lisbon, 
1962, II, 583) and 500 in São Vicente (Paulo Meréa, Historia da Colonia Portuguesa, III, 181).  
The only other successful captaincy by 1550 was Pernambuco, where there were probably some 
African slaves but it is unclear how many. 
The population of the European settlements in Brazil ca. 1545 can never be known 
precisely, but the available primary source documents permit the following conclusions: 1.) The 
captaincy of São Vicente had approximately 600 European settlers, 3,000 Indigenous slaves, and 
                                                 
1
 According to Goulart (1975), “In 1559, finally, by the act of the 29th of March directed to the captain of 
the Island of São Tomé, ordering him that, upon certified passage by the governor of Brazil, each senhor de engenho 
could ransom up to 120 Congo slaves, paying only a third of the taxes, the metropolis responded in part to the 
reiterated appellations of the nascent sugar industry of the colony,” (p. 99). 
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500 African slaves, 2.) The infant captaincy of Bahia had about 300 European settlers, 3.) The 
captaincy of Ilhéus had roughly 400 African slaves, and 4.) The number of Indigenous people 
living in or nearby the settlements is unknown.  No inferences will be made for those settlements 
where figures are not cited in primary documents of the period.  In 1545, the Portuguese 
settlements in Brazil were small and distributed over distant pieces of coastline.  Some 
settlements struggled for survival, while others grew wealthy through the cultivation and export 
of sugar. 
The source of data for the European population of Brazil in 1570 is the Tratado da 
Província do Brasil written by Pêro de Magalhães de Gândavo, first published in 1576 in Lisbon.  
It has been confirmed by the National Book Institute (Gândavo, 1965) that he authored this work 
and traveled in Brazil from 1568 to 1571.  Gândavo was an eager writer, describing what he 
observed in a scientific way characteristic of late-Renaissance Europe (Varnhagen, 1956).  The 
source of data for the Native population of Brazil in 1570 is Marchant (1942) who provides 
estimates of the Natives in the Jesuit parishes outside of Bahia from 1557-1562.  His primary 
sources are the Cartas Avulsas de Jesuitas, 1550-1568 and the writings of Jesuit Joseph de 
Anchieta, Cartas, Informaçoes, Fragmentos Historicos e Sermões de Padre Joseph de Anchieta, 
S.J. (1554-1594).  The Jesuits became powerful in Brazil following the arrival of the first Royal 
Governor, Tomé de Sousa.  Anchieta arrived in 1553 and was active in administering the aldeias, 
compounds for evangelizing thousands of Natives. 
Table I shows a summary of the information from Gândavo.  The number of households 
and total inhabitants are listed for the eight successful captaincies of Brazil. 
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Table I. European Population of Brazil in 1570† 
Captaincy Households People†† 
1. Itamaracá 100 600 
2. Pernambuco 1,000 6,000 
3. Bahia 1,100 6,600 
4. Ilhéus 200 1,200 
5. Porto Seguro 220 1,320 
6. Espírito Santo 200 1,200 
7. Rio de Janeiro 140 840 
8. São Vicente 500 3,000 
Total 3,460 20,760 
†Source:  Gândavo, Tratado da Provincia do Brazil (1576).  
††Assumption: 6 persons per household (Johnson, 1987). 
 
 
Note that the list of successful captaincies in 1570 differs from that of 1545.  In 
particular, Santos is grouped in with São Vicente, and two new captaincies are listed: Bahia and 
Rio de Janeiro.  Bahia became the administrative center of Brazil in 1549; Rio de Janeiro was 
reclaimed from the French during the 1550s but as yet did not have any sugar plantations.  Bahia 
was the most populous captaincy in Brazil by 1570, followed by Pernambuco and São Vicente. 
The European population is counted in terms of households (vizinhos).  I adopt the 
common assumption that there was an average of six Europeans per household to calculate the 
headcounts in the second column.  There is some debate on the plausibility of this assumption.  
Some authors have suggested as few as three people per household; however, the nature of a 
household in the period would have included the nuclear as well as extended family and even 
some with no biological ties.  This is congruent with Anchieta’s first-hand estimates of six to 
twelve people per household. 
The only records for the Native population are parish registers from 1557 to 1562 in the 
Cartas Avulsas and the writings of Joseph de Anchieta.  The parishes, or aldeias, were 
compounds where thousands of Natives were housed, often voluntarily, and directed in a 
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disciplined schedule of prayer and labor.  The rise of the Jesuits in Brazil occurred at a time in 
which the colonies were threatened by Native raids; the Crown depended on Native labor but 
their enslavement intensified these conflicts (Gonçalves de Souza, 2000; Johnson, 1987).  The 
Jesuits in Brazil took the task of evangelization seriously, and the aldeias served to protect the 
Natives from enslavement by the settlers (Goulart, 1975). 
Goulart acknowledges, however, that the Jesuits often condoned violence against the 
Natives.  It is thought that the Natives living near the settlements either fled, were enslaved, or 
were relocated into the aldeias (Marchant, 1942).  Therefore, the Native population recorded by 
the Jesuits is a lower bound for the number of Natives living in the Portuguese settlements. 
Figures for the Native population under the Jesuits are available for only three 
captaincies: Bahia, Espírito Santo, and São Vicente.  These figures were compiled by Marchant 
(1942) from the Jesuit letters (see Anchieta’s writings at http://purl.pt/155/1).  Across 11 parishes 
near Bahia, the estimated Native population is given at 34,000.  In the parishes of Espírito Santo, 
there were between 1,500 and 3,000 Natives; in São Vicente, there were at least 1,000 living in 
two parishes. 
There is only one reference for African slaves in 1570.  This comes from Marcílio 
(1984): “by 1570 there were already several thousand [Africans] employed on sugar engenhos 
[in Brazil],” (p. 54).  It is unclear whether any documents exist, with the exception of Gândavo 
(1965), which substantiate this figure. 
By 1585, the Portuguese colonies in Brazil were well-established: the failed settlements 
were re-founded, numerous sugar plantations and mills lined the coast, the African slave trade 
began to provide large numbers of laborers, and the overall population was expanding.  
Accordingly, there are more sources of population data for this period. 
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The three primary references are Joseph de Anchieta (Cartas, Informações, Fragmentos 
Historicos e Sermões), Fernão Cardim (Narrativa Epístolar de uma Viagem e Missão Jesuítica), 
and Gabriel Soares de Sousa (Tratado Descritivo do Brasil em 1587).  Anchieta and Cardim 
were Jesuit administrators; Soares was an explorer and writer who settled in Brazil.  The three 
authors corroborate each-other, with some minor exceptions.  Like other works during the 
sixteenth century, such as Gândavo, they provide detailed descriptions of the geography, 
settlements, and settlers, as well as the flora, fauna, and Native customs.  A summary of all data 
for this period is presented in Table II. 
 
Table II. Three Estimates of the Population of Brazil in 1585† 
 Anchieta Cardim Soares 
Captaincy E N A E N A E N A 
Itamaracá 300         
Pernambuco 6,660(1) 2,000 10,000(5) 12,000  2,000 14,100(8)  5,000 
Bahia 12,000 8,000 3,000 18,000 8,000 4,000 12,000 6,000 4,000 
Ilhéus 900   300  500    
Porto Seguro 600(2)   480(6)      
Espírito Santo 900 4,500(4)  900      
Rio de Janeiro 900 3,000  900      
São Vicente 1,800(3) 1,000  1,980(7)      
Total 24,060 18,500 13,000 34,560 8,000 6,500 26,100 6,000 9,000 
†The headcounts are reported for Europeans (E), Natives (N), and Africans (A).  For the European 
population, it is assumed that there are six people per household (Anchieta suggests from six to twelve). 
1Anchieta cites 1,000 households in Olinda and another 110 in a village 5 leagues (15 miles) away. 
2There are 50 households, respectively, in the cities of Porto Seguro and Santa Cruz. 
3The households’ distribution: São Vicente (50), Santos (100), Itanhaen (30), and Piratininga (120). 
4There are 3,000 Natives in the Nossa Senhora de Conceição/São João parishes, and 1,500 in another six. 
5Gândavo (1975) claims that this figure is implausibly high. 
6Cardim states that there are 40 households in both Porto Seguro and Santa Cruz. 
7
 The households’ distribution: São Vicente (80), Santos (80), Itanhaen (50), Piratininga (120). 
8700 households in City of Olinda and 25 households average on each engenho outside of city (Soares); 
with 66 engenhos in the captaincy (Anchieta), this implies a total of 2,350 households (700+25*66). 
 
The data cover the European (E), Native (N), and African (A) populations, based on the 
contemporary observations of Anchieta (1585), Cardim (1583), and Soares (1587).  Table III 
presents the headcounts by race, obtained by taking the average of the three sets of figures. 
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Table III. Consolidated Estimates of the Population of Brazil in 1585† 
Captaincy Europeans Natives Africans Total 
Itamaracá 300   300 
Pernambuco 10,920 2,000 5,665 18,585 
Bahia 14,010 7,335 3,665 25,010 
Ilhéus 600  500 1,100 
Porto Seguro 540   540 
Espírito Santo 900 4,500  5,400 
Rio de Janeiro 900 3,000  3,900 
São Vicente 1,890 1,000  2,890 
Total 30,060 17,835 9,830 57,725 
†The figures for Natives and Africans are largely absent; hence, the totals understate the total population.
 
 
 By 1585 there were approximately 30,000 Europeans, five-sixths of whom were located 
in the two captaincies of Pernambuco, one of the first to flourish, and Bahia, the seat of national 
government after 1549.  The population classified as European, mostly Portuguese but also some 
Spanish, also included ‘Native Europeans’ or the progeny of Europeans and Native women.  The 
three texts for this period present appeals to the Portuguese to immigrate to Brazil.  With the 
population of Portugal at the time under one million, there were not huge flows of immigrants.  
Those who came were mostly adult men, which led to intermixture with Natives and Africans 
from the beginning (Marcílio, 1984). 
The Native population in the Jesuit parishes in 1585 is half that in 1570, owing to the 
smallpox epidemics in Bahia that perhaps killed three-fourths of Native peoples.  Anchieta 
(1585) describes the aldeias: In Bahia, across three aldeias – Espírito Santo, São João, and Santo 
Antonio – there were 2,500 Natives, out of 8,000 in the captaincy as a whole.1 
The captaincy of Ilheus does not appear to have any aldeias.  In Porto Seguro, there were 
two, but the number of Natives is not mentioned.  For Espírito Santo, there were about 3,000 
Natives in the parishes of Nossa Senhora de Conceição and São João, plus another 1,500 in six 
                                                 
1
 It is sobering to note that the Native population in these parishes twenty years earlier was 34,000 – this 
implies that 26,000 Natives, or three-fourths of the population, had disappeared. 
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parishes further away.  Two aldeias of Rio de Janeiro – São Lorenço and São Barnabé – had a 
combined 3,000 Natives.  Among the first three cities in the captaincy of São Vicente (São 
Vicente, Santos, and Itanhaen) there were “some aldeias” but no specifics are offered.  In the last 
city in Espírito Santo, Piratininga (São Paulo), the parishes of Conceição de Nossa Senhora dos 
Pinheiros and São Miguel had a combined 1,000 Native inhabitants.  Anchieta’s figures give a 
lower bound for the Native population in the Portuguese settlements in 1585 of 18,500. 
Several parishes are mentioned but give no population data.  Furthermore, Anchieta 
ignored Natives working on the sugar plantations or in the cities as laborers or domestic servants 
(except in Bahia, where these are included).  At the same time, the number of free, un-
acculturated, Natives living within the settled areas may have been small.  Those Natives who 
lived outside of the aldeias were vulnerable to enslavement because labor was scarce; the 
Natives in the aldeias fared better, but their close-quarters exacerbated the impact of epidemics. 
There were African slaves, in some number, in all of the settlements by 1585.  However, 
figures are only available for the captaincies of Pernambuco, Bahia, and Ilhéus.  Pernambuco and 
Bahia were the major sugar-producing captaincies of Brazil at the time, so one would expect 
them to have large numbers of slaves.  Soares de Sousa (1587) claims that there were 4-5,000 
African slaves in Pernambuco, and 4,000 in Bahia.  Cardim (1583) gives numbers of 2,000 
African slaves in Pernambuco, 3-4,000 in Bahia, and 500 in Ilhéus.  Anchieta (1585) states that 
there were 10,000 African slaves on plantations in Pernambuco and 3,000 in Bahia.1  These 
numbers are generally consistent, with the exception of Anchieta’s estimate for Pernambuco.  
Goulart (1975) discusses this outlier and argues that it should not be taken literally because there 
                                                 
1
 The statistics are often stated as, “… of up to…”  It is more consistent to use the upper-end of the range 
because 1.) The figures are so much lower than the number of slaves recorded as having been shipped to the 
captaincies during this time (Goulart, 1975), and 2.) Slaves in smaller settlements or farms may systematically be 
excluded, creating a downward bias in the data. 
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would be too many workers given the number of sugar plantations in Pernambuco at the time.  
The figures from the three authors will be averaged to smooth out these fluctuations. 
 Whereas the success of the Portuguese endeavor in Brazil might have been in-doubt, by 
1585 some of the colonies were growing and gaining in wealth by exporting sugar.  Figure II 
shows the settlements of Brazil, their population size, and ethnic composition ca. 1585.  The 
shaded regions in Figure II indicate the extent of settlement at this time: the regions in which the 
sugar plantations and Jesuit aldeias were located, land tracts granted, and where Native 
inhabitants had been enslaved or relocated.  The cities were the focal points of society, and the 
aldeias and plantations were located up to 30 leagues (90 miles) away (Anchieta, 1585).  A 
buffer of 50 leagues (150 miles) around each settlement may best represent the areas transited by 
the Europeans and under their control; however, the reach of each settlement would also depend 
on its population size.  Accordingly, the radius of the ‘settled areas’ is weighted by the European 
population.1  The distance and population size are combined to calculate the area settled with the 
radius for Bahia inflated to reflect its status as the home of government and royal court.2 
 
 
 
 
                                                 
1
 Since the data is incomplete for the other racial categories, using the total population or population by 
racial group would distort the scale of each settlement.  If Europeans, Natives, and Africans are present in relatively 
constant ratios during a given time period, then the European numbers are representative of size. 
 
2
 The size (# Europeans) of each settlement i is normalized with respect to Bahia.  The radius of each circle 
is determined as {sizei+(1-sizei)0.5}x(1°), with Bahia given a radius of 2° (~50 leagues).  There is a diminishing 
marginal increase in settlement area from population growth.  A fixed-radii circle will appear smaller towards the 
south because a degree of longitude ranges from 111 km at the equator to 0 km at the poles.  Therefore, the sizes of 
the radii shown in Figure II are scaled accordingly; nonetheless, the circles still appear distorted because a fixed-
radius from a Cartesian system is being plotted on a sphere. 
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Figure II. Brazil at the End of the Sixteenth Century 
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III. The Seventeenth Century 
 
Over the course of the seventeenth century, Brazil went from a colony with three cities 
and fourteen towns to one with seven cities and 51 towns, including settlements in three 
additional captaincies to the north – those originally granted to João de Barros and Aires da 
Cunha (Pará and Paraíba), and Fernando Álvares de Andrade (Maranhão) – a region contested by 
Portugal, France, and Holland (Marcílio, 1984).1  There were fierce battles with the Dutch in 
Itamaracá and Paraíba and, in 1615, the Portuguese defeated the French and their Native allies in 
Maranhão and established a fort the following year that would become the city of Belém in the 
captaincy of Pará.  Portuguese settlers also established themselves on the island of São Luis, in 
Maranhão.  In Paraíba, the capital that had once carried French, Dutch, and Spanish names 
would eventually take on a new one: João Pessoa. 
The data for the seventeenth century are again incomplete.  Brito Freyre, in História da 
Guerra Brasílica (1675), gives figures for the European population of most captaincies ca. 1625.  
Also, Diogo de Campos Moreno’s Livro que Dá Rezão do Estado do Brasil (1612) provides 
information for the Native and European population of the northern captaincies, along with 
secondary sources Schwartz (1987) and Hemming (1987).  These two authors provide additional 
data for the 1675 period from Juan de Mongelos (São Vicente, 1676), Anais Historicos by 
Governor Bernardo Perreira de Berredo (1718-1722), Regulamento das Aldeias (1660) by Jesuit 
António Viera, and Jesuit documents reprinted in Suma Histórica (1938-1950) by Serafim 
Soares Leite.  Two functionaries in Maranhão – Maurício de Heriarte (1662) and Manuel da 
Vide Souto-Maior (1658) – describe the northern captaincies.  Another document transcribed by 
                                                 
1
 This data is from Azevedo (1956), Vilas e Cidades do Brasil Colonial.  Marcílio does not specify the 
criteria used to distinguish cities from towns, and at present the author does not have access to this text. 
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Varnhagen (1956) is from the secretary of the Conselho Ultramarino in Lisbon (1674) and 
describes Rio de Janeiro.  Data on the Native population in 1675 also come from the Jesuit 
documents reprinted by Leite, as well as Schwartz (1987), Boxer (1962), and Hemming (1978).  
The lone observation on the African population comes from António Viera (1660), cited by 
Goulart (1975). 
The main source of data for the seventeenth century is Francisco de Brito Freyre, 
Portuguese historian and Governor of Pernambuco from 1661 to 1664.  His book, História da 
Guerra Brasílica, was published in Portugal in 1675.  It provides detailed descriptions of the 
captaincies from 1624 to 1638 based on his personal experience, administrative records, and 
contemporary French, Dutch, and Portuguese texts.  Another text, Livro que Dá Rezão do Estado 
do Brasil (1612; written by Diogo de Campos Moreno, Sargento-Mor/Principal Sergeant, at the 
request of the General Governor of Brazil) provides details for two captaincies (Ilhéus and Porto 
Seguro) for which Brito Freyre does not.  Its purpose was to recount the current state of Brazil, 
including annual statistics for the eight captaincies (Fernandes Maranho, 2010).  Some 
observations are available from secondary sources Schwartz (1987) and Hemming (1987), 
experts on the colonial history of Brazil, presumably from these and other sources.  There are no 
observations for the number of Africans and only one for Natives during this period. 
The available European population figures from Brito Freyre ca. 1625 are presented in 
Table IV.  These data are complemented by observations for Ilhéus and Porto Seguro from Livro 
que Dá Rezão do Estado do Brasil (Moreno, 1612).  Other data include the European population 
of Belém in 1637 (Schwartz, 1987) and São Paulo in 1600 (Hemming, 1987). 
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Table IV. European Population of Brazil in 1625† 
Captaincy Households People†† 
Pará 35(1) 200 
Paraíba 700 4,200 
Itamaracá 130 780 
Pernambuco 11,000 66,000 
Sergipe 400 2,400 
Bahia 3,000 18,000 
Ilhéus 40(2) 250 
Porto Seguro 15(2) 100 
Espírito Santo 400 2,400 
São Vicente (São Paulo) 335(1) 2,000 
Total 16,055 96,330 
†Source: Freyre, História da Guerra Brasílica (1675) unless otherwise noted. 
††Six persons per household. 
(1)200 European settlers (~35 households) in Belém and 2,000 (~335 households) in São Paulo are 
cited by Schwartz (1987) and Hemming (1987). 
(2)250 European settlers (~40 households) in Ilhéus and 100 (~15 households) in Porto Seguro are 
cited in Livro que Dá Rezão do Estado do Brasil (1612). 
 
Neither the size of the Native population in the colonies in 1625 nor the African is 
known.  Goulart (1975) argues for a marked increase in the rate of African slave imports during 
this time, indicating that the size of the African population was much larger than in the previous 
century.  Some authors argue that the African labor force exceeded that of the Native at this point 
(e.g. Klein and Vidal Luna, 2010) while others claim that this did not occur until the second half 
of the century (e.g. Marchant, 1942) – we cannot know for sure.  In the northern captaincies, 
African slaves were uncommon and Natives provided most of the labor (Schwartz, 1987).  
According to Hemming (1987), “The small and primitive settlement of Belém was an incubus 
that steadily destroyed and denuded the Amazon and all its accessible tributaries,” (p. 176).  In 
response to widespread enslavement of the Natives by the settlers, Jesuit António Viera appealed 
to the King in 1655 and the Jesuits began relocating the Natives into aldeias; they gathered an 
incredible 200,000 Natives into 54 missions in the years that followed (Hemming, 1987).1 
                                                 
1
 Hemming’s conclusion is based on the following sources: Regimento das missões do Estado do 
Maranhão e Grão-Pará, 1686; Mathias C. Kieman, The Indian Policy of Portugal in the Amazon Region, 1614-
1693, 439, 442; A.L. Monteiro Baena, Ensaio corográfico sobre a Provincia do Pará, 1839, 23; Barão de Guajará, 
Catechese dos indios no Pará, Anais da Biblioteca a Arquivo Público do Pará II, 132, 1902; Manoel Nunes Dias, 
Colonização da Amazônia (1755-1778), Revista de Historia (São Paulo) 34, 475-6; Mendonça Furtado to Pombal, 
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The total European population in Brazil in 1625 was about 96,000, over three times its 
size forty years earlier.  No specific figures are available for the Native or African populations by 
captaincy – except for some 40,000 Natives on plantations in São Paulo (Schwartz, 1987). 
There is relatively little data available for the second half of the seventeenth century.  
Juan de Mongelos, a Spaniard living in São Paulo, estimated the European and Native population 
of the villages in São Vicente in 1676 (Metcalf, 1992).  Although data are lacking for many of 
the middle-captaincies due to Dutch occupation, there is substantial documentation on the 
settlement of the north-east captaincies of Pará and Maranhão.  Boxer (1962), Hemming (1978), 
and Schwartz (1987) report the European and Native population of these two captaincies based 
on the following primary sources: Anais Historicos by Governor Bernardo Perreira de Berredo 
(1718-1722), Regulamento das Aldeias (1660) by Jesuit António Viera, and other Jesuit 
documents collected in Suma Histórica (1938-1950) by Serafim Soares Leite.  In general, these 
sources indicate that African slavery was not widespread.  Varnhangen (1956) corroborates these 
authors, citing two functionaries in Maranhão, Maurício de Heriarte (1662) and Manuel da Vide 
Souto-Maior (1658). 
According to Schwartz (1987), the captaincies of Pará (Belém) and Maranhão (São Luís) 
had 500 European inhabitants (in 1700) and 800 European inhabitants (in 1672), respectively; 
Boxer (1962) reinforces these observations, saying that the European population of Maranhão 
and Pará was less than 1,000 in 1647 and probably double that by 1700.1  Contemporary 
documents cited by Varnhagen (1956) suggest that these figures are plausible.  Heriarte – justice, 
                                                                                                                                                             
11/21 and 12/30/1751 in Amazônia na era Pombalina (São Paulo, 1963) I, 72, 153; João Lúcio d´Azevedo, Os 
Jesuítas no Grão-Pará, 229; and, Colin M. MacLachlan, The Indian Labor Structure in Portuguese Amazon, 1700-
1800, 208. 
 
1
 It is not clear which primary sources form the basis for their conclusions although they are probably identical to 
those cited below by Varnhagen (1956). 
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purveyor, and auditor of Maranhão – wrote Descrição do Estado do Maranhão, Pará, Corupá e 
Rio das Amazonas at the behest of the Governor of Maranhão, Rui Vaz de Siquiera, who 
governed from 1662-1667.  Heriarte counts just over six hundred settlers in the city of São Luís, 
and up to four hundred in Belém.  Souto-Mayor, procurer of Maranhão, wrote in 1658 that there 
were five-hundred settlers in Belém and over a thousand in São Luís.  The resulting range of 
estimates are 400-500 European settlers in Pará, and 600-1000 in Maranhão ca. 1675. 
Among the other captaincies, data are only available for São Vicente and Rio de Janeiro.  
Juan de Mongelos (1676) gives a total of 1,485 European households in São Vicente broken 
down principally between São Paulo (800), Parnaíba (180), and Santos (250), with 40-75 
households in another five villages (Metcalf, 1992).  Another document transcribed by 
Varnhagen – information from the secretary of the Conselho Ultramarino in Lisbon dated 1674 – 
suggests that there were 20,000 settlers in São Paulo and seven other villages.  São Paulo is 
described in this document as a district under the government of Rio de Janeiro, although 
Metcalf (1992) states that it became part of the captaincy only in 1748.  In any case, the area 
described overlaps with that of Mongelos, whose figure is preferred because it is more precise 
and based on first-hand observation.1 
The Jesuits were extremely active in Pará and Maranhão during this period, and tens of 
thousands of Natives were relocated downstream into mission villages.  50,000 Natives are 
claimed to be in the Maranhão and Pará villages in 1686 (Jesuit letters cited by Serafim Leite).  
This is substantiated by Hemming (1978).  The Jesuits were not the only missionaries active in 
northern Brazil at this time; Franciscans and Benedictines were also actively converting Natives.  
                                                 
1
 The estimate for São Vicente of 1,485 European households, or approximately 8,900 people, in 1676 by 
Mongelos is also more feasible with regards to the population of the area in 1625 and 1585.  The 20,000 suggested 
for São Paulo and its vicinity is difficult to imagine, although the text is somewhat ambiguous and may not refer 
directly to the European population. 
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Boxer (1962) states that there were 28 Portuguese aldeias and another 26 missions operated by 
the Franciscans in Pará in 1696, with 11,000 Native converts in the aldeias (also based on Jesuit 
documents reprinted by Leite). 
São Luís and Belém were of comparable size ca. 1675.  Each was located near major 
river estuaries tied to the Amazon, which supported very dense Native populations.  The figure 
of 50,000 Natives in the missions in 1686 seems reasonable, especially given the 200,000 
Natives supposedly relocated fifty years earlier.  The 11,000 Natives in aldeias cited by Boxer 
corresponded to at most half of the missions, lending support to the view that the Native 
population was split relatively equally between Pará and Maranhão – perhaps approximately 
25,000 Natives each ca. 1675.1  In addition to the figures for northern Brazil, Juan de Mongelos 
(1676) reports 20,050 Native slaves in the captaincy of São Vicente, with the majority in São 
Paulo (15,000) and Parnaíba (3,000). 
According to Schwartz (1987), relatively few African slaves were brought to Pará and 
Maranhão prior to 1682.  Boxer (1962) writes, “The setlers were in general much too poor to buy 
Negro slaves and depended entirely on Amerindian labor,” (p. 277).  Although the Crown set up 
a monopoly trading company to supply northern Brazil, very few African slaves actually reached 
the Amazon (Hemming, 1978).  Schwartz concludes that, “Prior to 1750 probably only a few 
thousand Africans reached the north of Brazil,” (p. 122).  Therefore, there may have been only a 
few hundred African slaves in Pará and Maranhão in 1675.  Little information for the other 
captaincies is available: António Viera claimed that there were 25,000 Africans in Bahia in 1689 
(in Goulart, 1975), and Schwartz states that there were 150,000 in all of Brazil in 1680. 
 
                                                 
1
 The 50,000 Natives referred to covers the captaincies of Pará and Maranhão.  If there were 11,000 Natives 
in just the Jesuit missions in Pará, half of the total number of missions across religious sects in that captaincy, then it 
is possible that there were relatively equal numbers of Natives in Pará and Maranhão. 
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Figure III. Brazil at the End of the Seventeenth Century 
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IV. The Eighteenth Century 
 
In the sixteenth century, Brazil consisted of a handful of port villages.  By the 
seventeenth century, the Portuguese had established a presence along the coast between the 
mouths of the River Plate and Amazon River, and inland at São Paulo and along the tributaries of 
the Amazon.  Over the course of the eighteenth century, the frontier would quickly shift 
westward as a result of major discoveries of gold in what would become the captaincies of Minas 
Gerais, Mato Grosso, and Goiás (Hemming, 1987).  The gold boom altered the population 
dynamics of the settlements: Native inhabitants were enslaved to work in the mines, high labor 
demand accelerated the importation of African slaves, and European immigrants came in large 
numbers to seek their fortunes. 
In 1700, the population of Brazil was centered in Pará/Maranhão in the north, 
Pernambuco/Bahia to the east, Minas Gerais/Mato Grosso to the center-west, and Rio de 
Janeiro/São Paulo in the southeast.  Data for 1725 come from multiple sources and in 1775, 
when Brazil made its first attempt to collect national population data, one consolidated source.  
For 1725, the data for the north-east comes from Schwartz (1987), Boxer (1962), and Hemming 
(1978) – the primary sources include Suma Histórica by Leite, and a letter from the Governor of 
Maranhão-Pará to the Secretary of State to the King.  The data for the center-west comes from 
Russell-Wood (1987), Poppino (1973), and Boxer (1962) – the primary sources are Andreoni’s 
Cultura e Opulência do Brasil (1711) and slave matriculations for 1735 from Codice Costa 
Matoso (181-187).  For the south-east, the sources are Schwartz (1987) and Boxer (1962) – the 
primary source being letter from the Archbishop of Bahia to the Crown (1702).  For 1775, the 
primary data is from state and local census and parish records consolidated by Alden (1963). 
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The discovery of gold in Minas Gerais brought about rapid social and administrative 
changes.  New captaincies were created in the interior, and the seat of colonial government was 
moved from Bahia to Rio de Janeiro.  Furthermore, São Paulo was now recognized as a separate 
captaincy as a result of its growing wealth and population.  African slaves were beginning to be 
shipped to the north, and the settlers were engaged in more diversified economic activities, such 
as cattle ranching and food production. 
The frontier society of São Paulo played an important role in the penetration of the 
interior.  The Paulistas were independent of the coastal cities, they were mixed-race, and many 
spoke the Tupí-Guaraní language (Boxer, 1962; Poppino, 1973).  Among them were the 
bandeirantes, slave hunters named for the flags they carried on their expeditions (Hemming, 
1987).  During their treks, they crossed upon traces of gold.  The first major discovery was in 
1695 at Rio das Velhas in Minas Gerais.  Subsequent discoveries were made in Bahia (~1700), 
Espírito Santo (1701-1702), Mato Grosso (1718), Goiás (1725), and Ilhéus (1739) (Russell-
Wood, 1987).  These men traveled up to a thousand miles or more into the wilderness and 
rounded up potentially tens of thousands of Natives on a single trip (Hemming, 1978). 
For the northeast, Schwartz (1987) puts the total population of Belém at 2,500 and that of 
the Pará-Rio Negro region at 40,000 by 1750.  At that point, he argues that there were at most a 
few thousand African slaves in all of northern Brazil.  Hemming (1978), citing Jesuit documents 
in Suma Histórica by Leite, indicates that in the Maranhão-Pará villages there were 51,216 
Natives in 1730 and 25,000 in 1750.  Separately, Hemming (1987) cites a letter from Francisco 
Xavier de Mendonça Furtado, Governor of Maranhão-Pará from 1751-1759, to his half-brother 
Pombal, Secretary of State to Dom José I, in which Mendoça says that the religious orders had 
12,000 Natives across 63 missions, nineteen of which were Jesuit.  According to Boxer (1962), 
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the Jesuit aldeais in this region had 21,031 Natives by 1730.  This information can be 
summarized as follows: There were 51,216 Natives in Maranhão-Pará in 1730, 21,031 of whom 
were in the Jesuit missions.  There were at least 40,000 people living in this region by 1750, 
25,000 of whom were Natives, and at most 3,000 of whom were Africans, leaving potentially 
12,000 European settlers. 
For the center-west population, Russell-Wood (1987) argues that in 1695 only 
bandeirantes, ranchers, missionaries, speculators, and Indians could be found in the mining 
region of Minas Gerais, Mato Grosso, and Goiás.  He states that there were no African slaves in 
Minas Gerais in 1695, but the region had 30,000 by 1715.  Poppino (1973) cites Andreoni’s first-
hand account Cultura e Opulência do Brasil (Lisbon, 1711) which claims that there was a total 
of 30,000 people in the mining region.  According to Boxer (1962), Andreoni (alias Antonil) 
made his estimate based on “…reliable persons who had visited the whole mining region,” (p. 
49).  This number is not incongruent with Russell-Wood’s because the population was growing 
fast and African slaves were quickly the majority. 
Between 1735 and 1750, the “royal fifth,” a twenty-percent tax on mined gold, was 
replaced with a “capitation tax,” an annual tax on each slave.  Boxer (1962) estimates the number 
of African slaves registered each year in Minas Gerais from the Municipal Library of São Paulo 
(Codice Costa Matoso, fols. 181-187).  For 1735, a total of 96,541 slaves registered across five 
villages (Villa Rica, Mariana, Rio das Mortes, Sabará, and Serro Frio).1  If this is, indeed, the 
number of African slaves in Minas Gerais at the time, and if Russell-Wood’s estimate is correct, 
then the number of African slaves in Minas Gerais would have tripled between 1715 and 1735.  
One cannot rule this out given the number of African slaves imported during this period (see 
                                                 
1
 This figure doesn’t change substantially over the period from 1735-1750, probably because the tax made 
the already-expensive African slaves more costly.  The scale of importation of African slaves from 1711 to 1750 
was large and mortality was high, so the fact that the stock was relatively constant is unsurprising. 
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Goulart, 1975).  Some additional data is available for Cuiabá, the capital of the captaincy of 
Mato Grosso.  Russell-Wood (1987) states that Cuiabá had an overall population of 7,000 in 
1726.  Boxer (1962) concurs, with the extra information that 2,600 were African slaves. 
According to Schwartz (1987), the population of Brazil’s largest city, Salvador, reached 
25,000 by 1724 and 40,000 by 1750, half of which was slaves; also, Rio de Janeiro attained a 
total population of 40,000 by the middle of the century.  The Archbishop of Bahia wrote to the 
Crown in 1702 that there were a total of 90,000 people in the captaincy of Bahia, mostly African 
slaves (Boxer, 1962).  There were an estimated 18,000 Europeans in Bahia in 1625, so the 
population of the captaincy was growing.  The southern outpost of Colônia do Sacramento had 
3,000 inhabitants in 1735 (Boxer, 1962). 
 In summary for the first half of the eighteenth century, for the captaincies of Maranhão 
and Pará the Native population was estimated at 51,216, plus 2,000-3,000 African slaves, and a 
European population of 12,000.  The number of African slaves in Minas Gerais during the 
mining boom increased from 30,000 in 1715 to 90,000 in 1735.  In neighboring Mato Grosso, 
Cuiabá had a population of 7,000, of whom 2,600 were African slaves with the balance evenly 
split evenly between Europeans and Natives.  Bahia had over 90,000 inhabitants; Rio de Janeiro 
about 40,000.  At least half of the population was African.  In the southernmost-settlement, 
Colônia do Sacramento, there were 3,000 people. 
The Treaty of Madrid in 1750 radically shifted the division between Spanish and 
Portuguese America.  The Treaty recognized Portuguese claims to the vast territories it had 
occupied, including the Amazon and mining district, which lay far to the west of the Line of 
Tordesillas.  The principal exports of Brazil at the time were sugar, tobacco, gold, and diamonds; 
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Brazil now provided the bulk of Portugal’s revenue (Andrée Mansuy-Diniz Silva, 1984).  In the 
north, cacao was also a major source of revenue. 
Most of the data for the population of Brazil ca. 1775 (Table V) was compiled by Alden 
(1963).  According to Alden (1984), only in the 1770s did sufficient information become 
available to get a complete picture of Brazil’s population.  He explains that the first national 
census was in 1776 and, while not required, some governors requested a breakdown of the 
population according to four racial categories – “Whites,” “Blacks,” “Mulattoes,” and “Indians”. 
 
Table V. The Population of Brazil ca. 1775† 
Captaincy European African Mulatto Native Total 
Pará-Rio Negro .. .. .. 28,391 65,701 
Maranhão 15,366 20,291 11,757 ..(1) 47,414 
Piauí .. .. .. .. 26,410 
Pernambuco .. .. .. .. 239,713 
Paraíba .. .. .. .. 52,468 
Rio Grande do Norte .. .. .. .. 23,812 
Ceará .. .. .. .. 61,408 
Bahia 72,212(2) 144,424(2) 72,212(2) .. 288,848 
Rio de Janeiro .. ..  .. 215,678 
Santa Catarina .. ..  .. 10,000 
Rio Grande de São Pedro .. ..  .. 20,309 
São Paulo 65,974 28,542 22,459 .. 116,975 
Minas Gerais 76,664 166,995 76,110 .. 319,769 
Goiás .. ..  .. 55,514 
Mato Grosso 3,313 11,154 5,703 797 20,967 
Total 233,529 371,406 188,241 29,188 1,564,986 
†The source is Dauril Alden, HAHR 43.2 (1963) unless otherwise noted. 
(1)
 From the discussion for the seventeenth century, this number could be up to 25,000. 
(2)
 This racial split was obtained from the total in Alden (1963) and from Alden (1973), which suggests that ½ of the 
population in Bahia was “Black,” ¼ “Brown,” and ¼ “White.” 
 
The designation “Mulatto,” or of mixed African-European descent, is fairly arbitrary; like 
the other racial categories, it is based on both phenotype and class.  The cities/villages of Brazil, 
their populations, and areas covered are shown in Figure IV. 
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Figure IV. Brazil at the End of the Eighteenth Century 
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Throughout this work, I have considered race as a social construct and the reporting of 
European, African, or Native populations explicitly acknowledges this legal and cultural 
interpretation.1  The lack of information shown in Table V on the Native population is notable.  
There were possibly two to three million Natives in Brazil at the time of Cabral’s discovery in 
1500, and the population was unable to sustain itself because of disease, warfare, and 
enslavement.  Many Natives were likely assimilated; others simply not counted.  Another salient 
feature is the minority status of Europeans, constituting perhaps only a quarter of the population. 
 
V. The Nineteenth Century 
 
At the turn of the nineteenth century, Brazil’s colonial experience was ending (Alden, 
1984).  The gold boom had subsided, and the economy diversified into other export crops, like 
tobacco, cacao, coffee, cotton, and rice.  While the ideals of the French Revolution inspired some 
colonists, and the minority of European-descent started to consider the implications of the 
extreme inequality extant in Brazilian society, the African slave trade was still gaining 
momentum and would not be abolished until 1888 (Bethell, 1970).  The importation of slaves, 
however, effectively ended in 1850 (Goulart, 1975). 
The data for the beginning of the nineteenth century is from Alden (1984), whose key 
source is a letter from Lord Strangford to Marquis of Wellesley dated May 20, 1810.  
Complementary information for Pará comes from Hemming (1978) and for Paraíba from 
                                                 
1
 It is recognized that many children of Portuguese men with Native women were categorized as 
“European,” and the same for racial mixes involving Portuguese-Africans-Natives, etc.  The racial distinction was 
probably based on whether the children were recognized, what physical characteristics they demonstrated, and how 
successful they were in life – with wealth, one could ‘become white.’  This is the opposite of what occurred in the 
United States, where the sons of a man would inherit the social status of the mother, contrary to the tradition in 
England (Díaz Polanco, 1997).  This ensured natural growth of the slave population and less reliance on slave 
imports to maintain the labor force. 
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Marcílio (1984) who cites the AHU (Paraíba, Mapa de População, 1798).  Observations for 
some provinces in 1800 are also provided by Klein and Vidal Luna (2010), whose data will be 
consolidated for the next three periods: 1825, 1850, and 1875.  Their sources are Joaquim 
Norberto de Souza e Silva, População Geral do Império, documents in the Arquivo Nacional de 
Rio de Janeiro and IHGB/CU, and Octávio Ianni, Metamorfoses.  These data are corroborated by 
Marcílio (1984), who also references Souza e Silva as well as Antonio Rodrigues Velloso de 
Oliveira, Memória.  Complementary data for this period are from Goulart (1975), who cites the 
National Library archives, and Metcalf (1992), who cites the 1820 census records for Parnaíba.  
The results of the first national census of 1872 are also presented in Merrick and Graham (1979). 
Marcílio (1984) refers to the period from 1760 to 1872 as the proto-historical phase in 
Brazilian population studies (before then was the pre-statistical phase and, with the first official 
census of 1872, the statistical phase began).  Alden (1984) concurs that only in the 1770s is it 
possible to estimate the size of Brazil’s population across states.  Alden (1963, 1973, and 1984) 
made a substantial contribution to our knowledge of Brazilian demography during this period; 
due to his efforts, the figures for 1775 were consolidated (Alden, 1963, 1973) and, likewise, the 
data for the current period are accessible (Alden, 1984).  The only exceptions are data for 
Paraíba, which is reprinted in Marcílio (1984), and Paraná, Santa Catarina, and the Royal Court, 
reprinted in Klein and Vidal Luna (2010). 
The primary sources of data are as follows: most of Alden’s (1984) data is from 
“Enclosure in Lord Strangford to Marquis of Wellesley,” Rio de Janeiro, May 20, 1810 (PRO, 
FO 63/84/ERD/2255).  His other sources include Mac Lachlan, “African Slave Trade,” the 1800 
census for Mato Grosso (RIHGB, 28/1 (1865), 125-7), and the 1803 census for Rio de Janeiro.  
Marcílio (1984) cites the AHU census figures of 1798 for Paraíba (Paraíba, Mapa de População, 
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sheaf 20, doc. 38).  Klein and Vidal Luna (2010) cite IHGB/CU (Arq. I-I-13, fols. 148v-149) and 
Investigações sobre os recenseamentos da população geral do Império by Joaquim Norberto de 
Souza e Silva (1870).  The population ca. 1800, by race and state, is presented in Table VI. 
 
Table VI. The Population of Brazil ca. 1800† 
Captaincy European 
African or 
Mulatto Native Total 
Pará 21,160(1) 42,320(1) 16,000 80,000 
Maranhão 24,447 49,918 3,943 78,860 
Piauí 12,854 32,193 13,915 58,962 
Rio Grande do N. .. .. .. 70,921(4) 
Paraíba 8,930(2) 19,268(2) 2,817(4) 28,198(2) 
Goiás 6,928 45,668 2,882 55,422 
Mato Grosso 4,240 21,576(3) 1,020 26,836 
Paraná 18,340(4) 16,600(4) .. 34,940(4) 
Pernambuco 111,716 267,334 12,544 391,986 
Bahia 71,169 282,517 5,392 359,437 
Espírito Santo .. .. .. 72,845(4) 
Rio de Janeiro 77,140 147,621 4,592 229,582 
Minas Gerais 116,763 369,090 8,906 494,759 
São Paulo 116,932 85,611 6,264 208,807 
Rio Grande do S. 26,834 17,601 22,583 66,420 
Santa Catarina 23,680(4) 7,854(4) .. 31,534(4) 
Other (Corte) 19,578(4) 23,798(4) .. 43,376(4) 
Total 660,711 1,428,969 100,858 2,332,885* 
†Unless otherwise noted, the source is Dauril Alden, “Late Colonial Brazil, 1750-1808,” published in The Cambridge 
History of Latin America, 1984.  As in Table V, the categories “Black” and “Mulatto” are combined under a single 
category, “Africans,” meant to capture the primary racial (socially or otherwise-defined) identification of individuals. 
*The column and row totals differ due to rounding error (∆-878) as the headcounts were derived from the percentage 
breakdown reported by Alden (1984); they also differ because of the imputed African to European racial breakdown 
for Pará in Note 1 (∆-520); also, the Native headcount for Paraíba is not included in the total (∆+2,817); finally, there 
are no data by race available for Rio Grande do Norte or Espírito Santo. 
(1)
 The ratio of free to slave Africans in Pará at this time could have been 1.3 to 1, as in some other areas of Brazil.  
Alden’s data indicates 18,400 African slaves in Pará, in which case there might be 23,920 free “Africans” – a total of 
42,320 “Africans”.  Hemming (1978) implies that the ratio of Africans to Europeans in Pará at this time was 2:1, 
which gives 21,160 Europeans.  These two data points should not be interpreted literally. 
(2)
 The Brazilian demographer Marcílio (1984) cites the AHU (Paraíba, Mapa de População, sheaf 20, doc. 38) 1798 
census figures of Paraíba for “Whites,” and free/slave “Blacks” and “Mulattos.”  The total omits Natives, so it 
underestimates the population. 
(3)
 The total population of 26,836 minus the Native and European populations yields a remainder of 21,576 for the 
category of “Blacks” and “Mulattos.”  The African to European ratio here is typical of the mining region at this time. 
(4)These observations for Paraíba (IHGB/CU, Arq. 1-1-13, fols. 148v-149), and Paraná, Santa Catarina, Rio Grande 
do Norte, and Espírito Santo (Souza e Silva, 1870), are reprinted in Klein and Vidal Luna (2010). 
 
The population of Brazil ca. 1800 for the documented areas was 30 percent European, 65 
percent African/Mulatto, and 5 percent indigenous.  The number of Natives excludes those who, 
while living in areas claimed by the Portuguese, retained their autonomy and traditional way of 
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life.  About 60 percent of the population of Brazil lived in the coastal captaincies and 40 percent 
in the interior.  Other notable features include the magnitude of the decline in the Native 
population in Pará (from 28,000 to 16,000) and Maranhão (from ~25,000 to 4,000), and the 
increase in the European and African populations in the mine districts: the population of Minas 
Gerais increased from 320 to 495 thousand since 1775. 
Between 1800 and 1825, the Portuguese royal court had moved to Rio de Janeiro, the 
King returned to Portugal, and his son Pedro I declared himself Emperor of an independent 
Brazil (Merrick and Graham, 1979).1  The regions of Brazil will now be referred to as ‘states’ or 
‘provinces’ because the term ‘captaincy’ is no longer meaningful – donatary rights ultimately 
returned to the government. 
There are data for the total population by state in 1819 from Marcílio (1984) based on 
Joaquim Norberto de Souza e Silva, População Geral do Império, and Antonio Rodrigues 
Velloso de Oliveira, Memória, 159-99 and appendices.  Marcílio’s figures are identical to those 
reported by Calogeras (1938) for most states.  In order to present the most complete figures in a 
standard format, the data presented below in Table VII are from Klein and Vidal Luna (2010), 
based on Souza e Silva and the National Archives (ANRJ). 
 
 
 
 
 
 
 
 
 
 
 
                                                 
1
 Alden (1984) explains that in 1807, Napoleon demanded that Portugal end trade with Britain.  The British 
responded by threatening to attack Lisbon.  When French troops invaded Portugal that year, the royal court executed 
a long-standing plan to refuge itself in Brazil, and was escorted there by the British. 
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State European African Mulatto Native Free Slave Total
Alagoâs .. .. .. .. 42,879 69,094 111,973
Amazonas .. .. .. .. 13,310 6,040 19,350
Bahia .. .. .. .. 330,649 147,263 477,912
Ceará .. .. .. .. 145,731 55,439 201,170
Espírito Santo 6,730 767 5,832 3,518 16,847 9,233 26,080
Goiás 11,761 9,770 32,711 994 55,236 13,261 68,497
Maranhão .. .. .. .. 66,666 133,334 200,000
Mato Grosso 4,278 3,221 12,311 2,733 22,543 10,122 32,665
Minas Gerais .. .. .. .. 463,342 168,543 631,885
Pará .. .. .. .. 90,901 33,000 123,901
Paraíba 45,208 8,426 47,735 3,405 104,774 17,633 122,407
Paraná 23,895 902 10,135 85 35,017 7,873 42,890
Pernambuco .. .. .. .. 270,832 77,633 348,465
Piauí .. .. .. .. 59,734 25,113 84,847
Rio de Janeiro 112,973 13,387 51,205 5,615 183,180 224,012 407,192
Rio Grande do Norte 27,638 6,274 33,326 3,103 70,341 10,189 80,530
Rio Grande do Sul 32,300 .. .. 8,655 46,354 20,611 66,965
Santa Catarina 37,470 646 969 839 39,924 12,256 52,180
São Paulo 131,330 5,269 46,299 .. 182,898 65,006 247,904
Sergipe .. .. .. .. 88,783 26,213 114,996
Other (Corte) .. .. .. .. 57,605 55,090 112,695
433,583 48,662 240,523 28,947 2,387,546 1,186,958 3,574,504
Free Population
Table VII. Population of Brazil ca. 1825†
†Sources: Joaquim Noberto de Souza e Silva, População Geral do Império  (1870); ANJR, cod. 808, I (fols. 35, 
96) and III (fols. 38, 39, 93); Reprinted in Klein and Vidal Luna (2010).
Total Population
 
 
Complementary data are also available from Metcalf (1992) and Goulart (1975).  Metcalf 
presents figures from the 1820 census for Parnaíba (São Paulo): The population included 3,115 
“white” (branco), 1,629 “black” (preto), and 2,336 “brown” (pardo).  Goulart provides numbers 
for the population of the entire state of São Paulo, by race, for the year 1826 from the archives of 
the National Library (I,3,4,16).  His data are as follows: 66,205 “black”, 135,200 “white”, 55,594 
“mulatto”, and 1,902 “indian”.  The total for the captaincy is 258,901, compared to 238,323 from 
the 1819 census, and 247,904 above. 
For the sixteen captaincies for which we have data in 1800, the population had grown by 
over 40% two decades later.  In many cases, the population more than doubled (e.g. Maranhão, 
from 79 to 200 thousand; Paraíba, 28 to 122 thousand). 
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 The period ca. 1850 is important because the Britain forcibly ended the international 
slave trade that year (Bethell, 1970).  Between 1850 and 1888, the internal slave trade continued 
but the cut-off flow of tens of thousands of slaves per year had important demographic 
implications.  Later in this chapter, I will consider the changes in the slave population between 
1850 and 1875, and demonstrate how slave mortality rates shifted once slaves could not be 
replaced through imports.  The data for this period are shown in Table VIII.  The secondary 
source is Klein and Vidal Luna (2010); primary sources include Souza de Silva (População do 
Império, 1870), Ianni (Metamorfoses, 1962), and the National Archives of Rio de Janeiro 
(ANJR, cod. 808, III, fol. 86). 
 
State European African Mulatto Native Free Slave Total*
Alagoâs 56,797 12,442 92,134 6,603 167,976 39,790 207,766
Amazonas 3,454 .. 1,980 23,339(1) 39,644 940 40,584
Bahia .. .. .. .. .. .. 812,920 (2)
Ceará .. .. .. .. 468,318 35,441 503,759
Espírito Santo 9,994 2,613 9,113 6,732 28,452 .. 28,452
Goiás .. .. .. .. 68,383 10,956 79,339
Maranhão .. .. .. .. .. .. 282,154 (2)
Mato Grosso .. .. .. .. 43,672 10,886 54,558
Minas Gerais .. .. .. .. .. .. 1,263,667 (2)
Pará .. .. .. .. 142,811 36,896 179,707
Paraíba .. .. .. .. 183,920 28,546 212,466
Paraná 33,633 .. .. .. 52,069 10,189 62,258
Pernambuco 90,291 21,672 105,141 2,094 219,198 68,458 287,656
Piauí .. .. .. .. 136,033 16,858 152,891
Rio de Janeiro 160,945 19,436 77,193 4,952 262,526 293,554 556,080
Rio Grande do Norte 48,157 11,207 64,770 6,785 130,919 18,153 149,072
Rio Grande do Sul .. .. .. .. 118,171 31,192 149,363
Santa Catarina 45,596 1,861 2,375 136 49,968 13,658 63,626
São Paulo 172,879 6,811 59,454 .. 239,144 86,933 326,077
Sergipe 43,542 17,403 75,313 1,485 137,743 .. 137,743
Other (Corte) .. .. .. .. 155,864 110,602 266,466
665,288 93,445 487,473 52,126 2,644,811 813,052 5,816,604
(2)To compare the population of Brazil across periods, the total population in Bahia, Maranhão, and Minas Gerais is 
imputed assuming a constant growth rate between adjacent periods for which there is data.
*The column total, which covers all states, is not equal to the row total, which only includes available data.
Free Population
Table VIII. Population of Brazil ca. 1850†
†Sources: Joaquim Noberto de Souza e Silva, População Geral do Império  (1870); ANJR, cod. 808, III (fol. 86); 
Octávio Ianni, As metamorfoses do escravo, apogeu e crise da escravatura no Brasil Meridional  (1962); Reprinted 
Total Population
(1)Total for Natives in Amazonas excludes 10,871 Caboclos , or people of mixed Native/European descent.
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Between 1825 and 1850, population growth accelerated.  The population increased by 2.2 
million, or 62.7 percent, with the largest increase in the northern provinces.  The free vs. slave 
composition of society was also changing.  In 1825, 67% of the entire population was free and 
only 33% enslaved; in 1850, 76% of the population was free and 24% enslaved.  This change is 
impressive considering that about 1.5 million slaves were imported during this period (Trans-
Atlantic Slave Trade Database). 
The period ca. 1875 is of particular importance because it is the last before abolition.  The 
population of African descent would shift from growth by forced immigration to growth by 
natural increase alone.  Furthermore, this period marks the beginning of an unprecedented 
migration of Europeans to the New World.  These new immigrants would help satisfy Brazil’s 
labor demand, serving as a substitute for former slaves in the agricultural sector.  This 
immigration was also encouraged as a way of “whitening” the country. 
Brazil’s first national census was conducted in 1872.  The results are presented in Table 
IX based on the figures published Klein and Vidal Luna (2010), and also in Merrick and Graham 
(1979).  The source document is Recenseamento da População do Império a que se Procedeu no 
dia 1 de Agosto de 1872 (Rio de Janeiro, 1873-1876, 21 volumes).  The Native headcount 
corresponds to caboclo: of mixed Native and European ancestry (related to mestizo in Spanish).  
As before, these data under-represent the Native population because of yet-uncounted Native 
groups within Brazil’s national borders. 
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State European African Mulatto Native Free Slave Total*
Alagoâs 88,798 16,907 200,199 6,364 312,268 35,741 348,009
Amazonas 11,211 1,336 7,256 36,828 56,631 979 57,610
Bahia 331,479 264,727 565,704 49,882 1,211,792 167,824 1,379,616
Ceará 268,836 28,934 339,166 52,837 689,773 31,913 721,686
Espírito Santo 26,582 6,838 20,529 5,529 59,478 22,659 82,137
Goiás 41,929 17,175 86,389 4,250 149,743 10,652 160,395
Maranhão 103,513 25,284 144,361 10,943 284,101 74,939 359,040
Mato Grosso 17,237 7,075 20,914 8,524 53,750 6,667 60,417
Minas Gerais 830,987 207,154 598,813 32,322 1,669,276 370,459 2,039,735
Pará 92,634 16,829 93,727 44,589 247,779 27,458 275,237
Paraíba 144,721 21,816 178,596 9,567 354,700 21,526 376,226
Paraná 69,698 6,741 30,636 9,087 116,162 10,560 126,722
Pernambuco 291,159 61,696 387,851 11,805 752,511 89,028 841,539
Piauí 43,447 14,862 106,665 13,453 178,427 23,795 202,222
Rio de Janeiro 303,275 57,715 121,245 7,852 490,087 292,637 782,724
Rio Grande do Norte 102,465 23,365 84,090 11,039 220,959 13,020 233,979
Rio Grande do Sul 258,367 34,272 48,666 25,717 367,022 67,791 434,813
Santa Catarina 125,942 4,247 11,737 2,892 144,818 14,984 159,802
São Paulo 433,432 56,539 151,306 39,465 680,742 156,612 837,354
Sergipe 49,778 19,172 81,583 3,087 153,620 22,623 176,243
Other (Corte) 151,799 28,466 44,845 923 226,033 48,939 274,972
Total 3,787,289 921,150 3,324,278 386,955 8,419,672 1,510,806 9,930,478
Free Population
Table IX. Population of Brazil ca. 1875†
†Source: Directoria Geral de Estatística, Recenseamento da população do Império do Brasil a que se procedeu no 
dia 1 de agosto de 1872  (21 vols., 1872-1876); Reprinted in Klein and Vidal Luna (2010) and summarized in 
Merrick and Graham (1979).
Total Population
 
 
The fact that African slave imports had stopped and European immigration expanded 
may be reflected in the change in the share of the total population of these groups between 1800 
and 1875: In 1800, 30% of the population was “European” and 65% was “African,” but in 1875, 
38% of the population was “European” and 58% was “African.”  If the rates of natural increase 
of the African/Mulatto population increased relative to the European, as is believed, then this 
might in part represent the effect of rising European immigration. 
Immigrants to Brazil before 1850 were mostly Portuguese and African slaves; there is no 
recorded immigration of Italians or Spaniards (IBGE).  From 1872 to 1879, of 176 thousand 
immigrants, 55 thousand (31%) were Portuguese, 45 thousand (26%) Italian, 3 thousand (2%) 
Spanish, and 14 thousand (8%) German – total immigration peaked at 1.2 million over 1890-
1899 (Merrick and Graham, 1979).  Figure V shows Brazil at the end of the nineteenth century. 
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Figure V. Brazil at the End of the Nineteenth Century’ 
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Manumission had a positive impact on the size of the African population.  During the 
first centuries of slavery, male slaves outnumbered female and the natural rate of increase was 
zero or negative (Marcílio, 1984).  Manumission was rare until the eighteenth century in Minas 
Gerais, when slaves could buy their freedom in gold (Russell-Wood, 1987).  During the 
nineteenth century, manumission was common and the free African population had higher 
marriage rates and fertility levels than the slave population (Merrick and Graham, 1979).  
Although slave imports had stopped, the African population rose for this reason.  There is also 
evidence of a Native rebound during the nineteenth century. 
 
VI. The Twentieth Century 
 
The population data for the twentieth century comes exclusively from official censuses.  
A consistent methodology with comprehensive coverage is an advantage of the data for this 
century, but there are also fallbacks.  The self-reporting of race requires discussion of the 
formation of racial identity, which biases the data.  The census data for the years 1900, 1950, and 
2000 is from the Brazilian Institute for Geography and Statistics (IBGE).  The most recent data 
were accessed online and compiled state-by-state (www.ibge.gov.br). 
The data for the population of Brazil by state in 1900 is available in T. Lynn Smith 
(1972), Brazil: People and Institutions, based on that year’s Demographic Census.  The racial 
composition of each state is not presented, however.  This is likely due to bureaucratic issues: 
Merrick and Graham (1979) explain, “National censuses in 1872 and after were affected by 
political instability as well as administrative inefficiency.  The 1880 census was canceled, and 
the 1890 and 1900 efforts, affected by the lack of proper funding and poor management, were 
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not complete,” (p. 25).  The data presented in Table X are actually from the 1890 census: Sexo, 
Raça e Estado Civil, Nacionalidade, Filiação Culto e Analphabetismo da População 
Recenseada em 31 de Dezembro de 1890 (IBGE, Rio de Janeiro, 1898). 
  
State European African Mulatto Native Total
Alagoâs 158,927 51,863 206,525 94,125 511,440
Amazonas 41,896 4,481 29,985 71,553 147,915
Bahia 491,336 391,447 886,657 150,362 1,919,802
Ceará 358,619 69,635 239,477 137,956 805,687
Espírito Santo 57,314 21,888 48,120 8,675 135,997
Goiás 76,324 29,656 95,972 25,620 227,572
Maranhão 136,290 65,312 163,650 65,602 430,854
Mato Grosso 27,694 12,860 38,443 13,830 92,827
Minas Gerais 1,292,716 583,048 1,112,255 196,080 3,184,099
Pará 128,813 22,193 111,958 65,491 328,455
Paraíba 214,427 32,358 161,496 48,951 457,232
Paraná 159,181 12,897 46,565 30,848 249,491
Pernambuco 423,900 118,690 408,222 79,412 1,030,224
Piauí 75,827 40,626 97,136 54,020 267,609
Rio de Janeiro 376,661 234,897 246,384 18,942 876,884
Rio Grande do Norte 118,370 24,084 100,668 25,151 268,273
Rio Grande do Sul 629,690 77,876 141,851 48,038 897,455
Santa Catarina 240,587 13,625 20,334 9,223 283,769
São Paulo 873,423 179,526 217,605 114,199 1,384,753
Sergipe 92,414 45,926 152,313 20,273 310,926
Other (Dist. Federal) 327,789 64,538 112,879 17,445 522,651
Total 6,302,198 2,097,426 4,638,495 1,295,796 14,333,915
†Source: Sexo, Raça e Estado Civil, Nacionalidade, Filiação Culto e Analphabetismo 
da População Recenseada em 31 de Dezembro de 1890, S tatistics Office of the 
Brazilian Federal Goverment (Rio de Janeiro, 1898).
Table X. Population of Brazil ca. 1900†
 
 
Thus far, the presentation has attempted to include all published statistics on the historical 
population of Brazil.  Even though data is available on up to a decennial-basis during the 
twentieth century, the results for only two censuses – 1950 and 2000 – will be presented. 
The population data for the next period are from the 1950 Demographic Census, VI 
Recenseamento Geral do Brasil, 1950, I (IBGE, Rio de Janeiro, 1956); also see T. Lynn Smith 
(1972).  Unfortunately, ‘Native’ figures are not reported and people with mixed Native-
European-African descent or combinations thereof were grouped into the ‘Mulatto’ category.  
  
51
People who would otherwise consider themselves as European-Native may potentially constitute 
3% of this total.  A new racial category in this period is “yellow,” or of Asian descent – a 
growing demographic in São Paulo and Rio de Janeiro.  The data are presented in Table XI. 
 
State European African
Mulatto 
(+Mestizo) Asian Total
Alagoâs 443,213 81,260 566,718 8 1,093,137
Amazonas 189,376 17,410 305,520 557 514,099
Bahia 1,428,685 926,075 2,457,108 156 4,834,575
Ceará 1,176,359 279,045 1,233,518 20 2,695,450
Espírito Santo 504,718 102,445 253,423 24 861,562
Goiás 703,375 123,298 384,046 1,163 1,214,921
Maranhão 533,969 249,762 795,707 34 1,583,248
Mato Grosso 278,378 51,089 187,365 3,649 522,044
Minas Gerais 4,509,575 1,122,940 2,069,037 2,257 7,717,792
Pará 325,281 59,744 734,574 875 1,123,273
Paraíba 1,149,981 222,113 338,120 46 1,713,259
Paraná 1,824,879 91,630 153,736 39,244 2,115,547
Pernambuco 1,685,028 316,122 1,386,255 83 3,395,185
Piauí 292,618 134,977 616,782 9 1,045,696
Rio de Janeiro 1,372,917 407,136 508,521 2,484 2,297,194
Rio Grande do Norte 472,146 91,581 402,471 16 967,921
Rio Grande do Sul 3,712,239 217,520 226,174 495 4,164,821
Santa Catarina 1,476,267 56,948 23,767 51 1,560,502
São Paulo 7,823,111 727,789 292,669 276,851 9,134,423
Sergipe 319,889 91,317 232,095 4 644,361
Other 1,805,667 322,456 608,546 1,056 2,745,387
Total* 32,027,661 5,692,657 13,788,742 329,082 51,944,397
†Source: VI Recenseamento Geral do Brasil, 1950, I  (Rio de Janeiro, 1956), Brazilian 
Institute of Geography and Statistics (IBGE), also T. Lynn Smith (1972).
Table XI. Population of Brazil ca. 1950†
*The column and row totals differ by 106,255 for individuals who did not declare a 
racial identification.  There is also a discrepancy of 12,580 in the column total for 
Mulatto (+Mestizo) possibly due to a transcription error.
 
  
Population growth accelerated between 1890 and 1950 and the overall population nearly 
tripled.  The populations of Goiás and Mato Grosso, in the center-west, and Paraná and Espírito 
Santo, to the southeast, grew over six-fold.  By 1950, the population of European descent 
surpassed that of African descent, whereas in 1875 the European population was only two-thirds 
the size of the African.  Brazil appears to have become a “European” nation. 
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The source of data for the year 2000 is also the IBGE; for this period, the census statistics 
are available online (http://www.ibge.gov.br).  In addition to the four racial categories from 1950 
(“white,” “black,” “brown,” and “yellow”) is the category “indigenous.”  Many countries now 
compile separate statistics for the Native population, which reflects greater public consciousness 
of Native rights and issues.  The population of Brazil in 2000 is presented in Table XII. 
 
State European African Mulatto Native Asian Total
Alagoâs 964,919 142,747 1,681,391 9,074 295 2,827,856
Amazonas 681,717 87,471 1,884,507 113,391 9,343 2,817,252
Bahia 3,297,989 1,704,248 7,869,770 6,424 23,796 13,085,769
Ceará 2,770,560 305,279 4,274,359 12,198 10,373 7,431,597
Espírito Santo 1,512,200 200,192 1,354,142 12,746 3,056 3,097,498
Goiás 2,538,412 226,963 2,176,260 1,411 12,052 5,004,197
Maranhão 1,512,324 542,834 3,523,999 27,571 7,565 5,657,552
Mato Grosso 1,104,962 141,305 1,200,602 29,196 9,984 2,505,245
Minas Gerais 9,594,370 1,397,199 6,737,420 4,872 28,563 17,905,134
Pará 1,617,015 340,901 4,115,414 37,681 11,574 6,195,965
Paraíba 1,467,260 136,577 1,801,161 10,088 2,439 3,444,794
Paraná 7,387,842 271,871 1,745,610 31,488 88,452 9,564,643
Pernambuco 3,238,329 39,116 4,194,790 34,669 9,562 7,929,154
Piauí 75,276 220,371 1,836,589 2,664 5,272 2,843,428
Rio de Janeiro 7,871,002 1,528,262 4,819,488 35,934 26,524 14,392,106
Rio Grande do Norte 1,171,699 126,441 1,454,665 3,168 2,374 2,777,509
Rio Grande do Sul 8,817,727 527,144 762,365 38,718 9,656 10,187,842
Santa Catarina 4,786,293 142,207 376,766 14,542 613 5,357,864
São Paulo 26,185,687 1,627,267 8,456,718 63,789 45,642 37,035,456
Sergipe 562,858 111,461 1,085,409 6,717 2,909 1,784,829
Other 4,139,601 734,480 3,966,667 237,786 451,539 8,027,166
Total* 91,298,042 10,554,336 65,318,092 734,127 761,583 169,872,856
†Source: Tendências Demográficas: Uma Análise dos Resultados da Amostra do Censo 
Demográfico 2000  (Rio de Janeiro, 2004), Brazilian Institute of Geography and Statistics (IBGE).
Table XII. Population of Brazil ca. 2000†
*The row and column totals differ by 1,206,676 -- those who did not declare a race.
 
 
The distinction between racial categories is ambiguous, as always, but the self-reporting 
system has its benefits as well as flaws.  On the one hand, individuals have the best information 
about their ancestry, so they should best be able to classify themselves.  On the other hand, there 
is a strong pressure to identify oneself as “white” or “European,” so the size of this group is 
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biased upwards.  Most of Brazil’s wealth belongs to people classified as “white,” so there is a 
strong incentive to associate with that class.  Brazilian Africanists maintain that, despite the 
statistics shown here, Brazil is a principally African nation (Do Nascimento, 1995).  The data 
must therefore be interpreted with care. 
The population of Brazil tripled during the second half of the twentieth century.  The 
populations of Amazonas and Pará, in the northeast, and Rio de Janeiro, in the southeast, 
increased five-fold.  The indigenous population exceeded 730 thousand and, given the 390 
thousand Natives reported in 1872, grew at an average annual rate of 0.5%.  The “European” and 
“African” populations grew rapidly, but the size of the “European” population moderated 
relative to the “African.”  Figure VI shows Brazil ca. 2000. 
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Figure VI. Brazil at the End of the Twentieth Century’ 
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VII. Conclusion 
 
The history of Brazil is one of three groups of people from different continents: Natives, 
Europeans, and Africans.  I have traced the demographic history of Brazil, to the extent possible, 
giving particular attention to the racial composition of each state and region over time.  I have 
demonstrated that regional, and even local, population trends can be documented with a not-
unreasonable level of accuracy. 
The data are incomplete.  For some states, one may trace their racial composition back to 
the sixteenth century.  Looking at two regions, São Vicente (now São Paulo) and Pará-
Maranhão, in Figure VII one can see that the transition from Native to African labor was not 
uniform: it happened first in the coastal south, and perhaps two centuries later in the north where 
Native labor had been more abundant (racial groups are ordered from top-to-bottom). 
  
Figure VII. Racial Composition of São Vicente and Pará-Maranhão 
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Racial Composition of Pará-Maranhão
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The evolution of the overall population is of general interest; many authors have 
suggested figures for each period based on some of the observations presented here.  It should be 
noted, though, that for the sixteenth and seventeenth centuries any figures are just extrapolations.  
The evidence discussed here suggests that the total population of Brazil in 1725 was under a 
million.  The average annual percentage change of the population for subsequent periods is 
presented in Table XIII.  Note that the annual growth rate increases over time, consistent with the 
experience of other regions during industrialization.  Brazil’s annual population growth rate is 
relatively high, comparable to that of the United States (Merrick and Graham, 1979). 
 
Region 1775-1800 1800-1825 1825-1850 1850-1875 1875-1900 1900-1950 1950-2000
North 0.8 1.8 2.3 1.6 3.0 2.2 3.5
Northeast 1.7 2.1 1.9 1.9 1.4 2.0 2.0
Center-West 0.5 0.8 1.3 1.6 2.1 3.1 3.0
Southeast 1.5 0.0 1.4 2.9 2.1 2.5 2.7
South 4.8 1.0 1.9 3.7 3.5 3.3 2.5
Brazil 1.6 1.7 2.0 2.2 2.0 2.3 2.4
Table XIII. Population Growth Rates: Brazil, 1775 - 2000†
†Figures are average annual percentage (%) change calculated using Tables V to XII.  Regions are 
defined by IBGE as follows: North (Amazonas, Pará), Northeast (Alagôas, Bahia, Ceará, 
Maranhão, Paraíba, Pernambuco, Piauí, Rio Grande do N., Sergipe), Center-West (Goiás, Mato 
Grosso), Southeast (Espírito Santo, Minas Gerais, Rio de Janeiro, São Paulo), and South (Paraná, 
Rio Grande do S., Santa Catarina).
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The average annual rate of population increase ranged from 1.6 to 1.7 percent from 1775 
to 1825.  From 1825 to present, the population increased at over 2 percent per year.  There is 
notable regional variation in growth.  The northeast, the region which grew the fastest during the 
first 250 years of Brazil’s history because of its lucrative sugar industry, lagged other regions 
from 1875 to 2000.  The north, south, and center-west experienced above-average growth during 
this period.  The southeast also grew at a relatively rapid pace.  This evidence is suggestive of the 
impact of industrialization on demographic growth in peripheral areas. 
The nineteenth and twentieth centuries were periods of change, not only by region but by 
race and servile status.  Table XIV presents the average annual growth rates of the free and slave 
African/Mulatto populations from 1800 to 1875.  There are many things that jump out of this 
table: The first is the negative growth of slave populations in some periods.  The second is the 
extraordinary growth of the free African/Mulatto population in some cases.  In order to put these 
figures into perspective, it is necessary to consider the various factors that influenced free vs. 
slave rates of population growth. 
 
Table XIV. Free and Slave African/Mulatto 
Population Growth: 1800-1875† 
  1800-1825 1825-1850 1850-1875 
Region Free Slave Free Slave Free Slave 
North .. 2.36 .. -3.36 6.05 -0.51 
Northeast .. 1.08 2.64 -0.29 2.47 -0.14 
Center-West 3.05 -2.60 .. -0.23 .. -1.03 
Southeast 0.83 1.68 1.65 1.13 3.54 1.18 
South -3.73 7.17 2.30 1.05 4.88 1.22 
Average 0.05 1.94 2.20 -0.34 4.23 0.15 
†Figures are average annual percentage (%) change of the African and Mulatto 
population of Brazil by free and slave status calculated using Tables V to XII and, 
for 1800, Alden (1984). 
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Unlike race, servile status is not fixed: slaves could become free through manumission or 
escape.  Also, slave children might be free (this became law after 1870).  Thus, there were many 
factors that decreased the slave population which were offset through natural increase or the 
importation of African slaves.  The effect of manumission and ‘free womb’ laws would be the 
opposite: manumission, escape, or reproduction would increase the free African or Mulatto 
population.  Furthermore, the free population – because of its more-balanced age/sex distribution 
– was able to maintain higher rates of natural increase.  It is thus probable that the free 
African/Mulatto population have robust positive rates of increase, and the slave population 
negative, depending on the magnitude of slave imports during a given period. 
It is impossible to account for all of these factors.  It is clear, however, that the growth of 
the slave population was notably less than the free African/Mulatto population from 1825 
onward.  Over half of the total volume of African slaves was imported during the first half of the 
nineteenth century (Trans-Atlantic Slave Trade Database).  The near-zero rates of growth of the 
slave population from 1825 to 1850 are probably due to an accelerated manumission of slaves in 
anticipation of abolition; the negative mortality of slave populations may not have been so great 
as to offset the large number of new slaves imported during this period. 
In addition to this discussion of growth rates by region and servile status, it is important 
to consider the racial dimension.  Table XV displays the average annual growth rates of three 
racial groups, by region and period, from 1775 to 2000. 
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Table XV. Population Growth by Racial Category: Brazil, 1775-2000† 
Region Race 
1775-
1800 
1800-
1825 
1825-
1850 
1850-
1875 
1875-
1900 
1900-
1950 
1950-
2000 
North               
  European .. .. .. 4.8 4.5 2.2 2.9 
  African .. .. .. 4.9 3.4 3.7 3.6 
  Native -2.3 .. .. 1.8 2.8 0.0 -0.1 
Northeast               
  European 0.9 6.7 2.2 2.6 2.1 2.3 1.0 
  African 1.4 5.5 2.6 2.1 0.1 2.2 2.3 
  Native .. 0.8 3.2 3.0 8.7 -0.9 -2.8 
Center-West               
  European 1.0 1.1 .. .. 2.9 4.1 2.7 
  African 1.0 0.7 .. .. 1.3 2.7 3.3 
  Native 1.0 -0.1 .. .. 6.2 -0.2 -1.9 
Southeast               
  European 2.0 1.0 1.4 3.4 2.8 3.1 2.4 
  African 1.9 2.0 0.4 3.4 1.1 1.7 3.4 
  Native .. 0.8 1.1 0.5 5.7 -0.1 -1.4 
South               
  European .. 1.2 1.1 3.6 4.2 3.7 2.3 
  African .. 1.4 1.0 2.2 1.2 1.8 3.4 
  Native .. -3.8 -7.0 13.0 5.4 0.1 0.1 
†Figures are average annual percentage (%) change by race calculated using Tables V to XII.  
African (Preto) and Mulatto (Pardo) are combined into a single category "African."  This was 
unavoidable because the racial makeup of slaves is not disaggregated for the nineteenth century. 
 
The growth of racial groups over Brazil’s history has never before been presented in this 
detail.  Shifting notions of race and methodological differences in the census data leave ample 
room for criticism; nonetheless, whether one considers the categories presented here as ‘white’, 
‘non-white’, ‘indian’, or other, the data are telling.  Post-1850, the population of European 
descent demonstrates the highest rates of growth, followed by African and Native.1  The African 
population in the north exhibits relatively high rates of increase.  During the nineteenth century, 
the Native population in the north- and south-east experienced positive growth which leveled off.  
It is hard to discern a trend for each group, but the difference between groups is notable. 
                                                 
1
 The data for the Native population in 1900 creates, perhaps erroneously, high rates of increase for this 
group from 1875-1900 that should not be interpreted literally. 
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Figure XVI shows the total population of Brazil for the three main racial groups from 
1850 to present.  In the figure, one observes how the population of European descent surpassed 
that of African descent between 1900 and 1950.  The rebound (1850 – 1900) and subsequent 
descent (1900 – 2000) of the Native population is also visible. 
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A formal demographic analysis is not feasible at this point given the nature of the data.  
Nonetheless, these data demonstrate major demographic shifts over Brazil’s history.  If 
complemented by information on slave imports, aggregate output, immigration, and the un-
contacted Native population, it may be possible to present more complete time-series.  Although 
ignorance prevails about the demographic history of the New World, the data presented here 
reveal some of the key developments in the course of Brazil’s evolution. 
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Chapter Three 
Staples and Slaves: Production and Population in Early Brazil 
 
I. Introduction 
 
For three-quarters of Brazil’s history, the economy relied on slave labor, first indigenous 
and then African.  Brazil imported the largest number of African slaves of any country in the 
Americas; as a result, its economic and demographic histories are closely related.  In the 
previous chapter, I presented evidence on the population of Brazil over time, but the early 
estimates were imprecise.  In this chapter, I evaluate the population data from discovery to 
abolition focusing on the output of staples and imports of African slaves. 
Statistics on the production of sugar, gold, and coffee in Brazil have generally not been 
presented for periods more than a century.  I provide a synthesis of output estimates from other 
authors, reviews the evidence on worker productivity, and impute the workforce required in each 
sector by state and time-period.  Furthermore, I use the recorded slave voyages to Brazil from the 
Trans-Atlantic Slave Trade Database to produce new estimates of the number of African slaves 
imported, and project the corresponding African population by region and period.  I then 
compare the production- and slave-based estimates with the published population data. 
These methods have been used to judge the credibility of national population figures for 
Brazil (e.g. Simonsen, 1937; Goulart, 1975), but never in a comprehensive way.  I find that the 
early population data fall within +/- 20% of these alternative estimates and are often surprisingly 
similar.  The production and slave-trade estimates supplement the existing statistics and guide 
  
62
our knowledge of Brazil’s population history.  In addition, my new assessment of the slave 
import data reveals some unexpected trends: for one, the African and Mulatto population may 
have experienced positive rates of natural growth earlier than formerly thought.  By combining 
all available evidence, a fair and complete appraisal of Brazil’s population history is possible. 
 
II. Production-Based Estimates 
 
The economic history of Brazil is centered on three products: sugar, gold, and coffee.  
During the sixteenth and seventeenth centuries, the settlements in Brazil were clustered along the 
coast and sugar was by-far the most important product (Marchant, 1942).  At the beginning of 
the eighteenth century, there was a major gold rush that impelled the population of the interior 
(Russell-Wood, 1987).  In the nineteenth century, the value of coffee exports, whose production 
was centered in the southeast, reached and surpassed those of sugar (Klein and Vidal Luna, 
2010).  Other pre-industrial products included tobacco, cotton, and rice (Alden, 1987). 
The rapid early expansion of the sugar industry slowed in the 1620s.  Portugal and Spain 
were under unified rule from 1580 and, after the twelve-year truce between Spain and Holland 
ended in 1621, the Dutch began to attack Brazil (Schwartz, 1985).  Olinda (Pernambuco) was 
occupied in 1630 and there was fighting until the Dutch were removed in 1654.  The rise in sugar 
prices caused by the conflict prompted the expansion of Caribbean sugar production; thereafter, 
mercantilist measures in Europe, such as the British navigation acts, closed many regular 
markets to Brazilian sugar (Schwartz, 1985). 
The precarious situation for sugar producers led to greater economic diversification 
during the eighteenth century, particularly into ranching and tobacco production (Schwartz, 
  
63
1985).  The Crown’s declining sugar revenues (observed from partial tax duties for Pernambuco, 
Bahia, and Rio de Janeiro), in turn, stimulated the pursuit of new sources of revenue.1  These 
new revenues came with the discovery of gold by the São Paulo bandeirantes (slave-hunters) 
during their seventeenth-century expeditions. 
The makeup of the Brazilian economy shifted, with new competition between the sugar 
and mining sectors for African slaves.  Mining and sugar were the industries most reliant on 
slave labor, but slavery had come to permeate all aspects of the burgeoning Brazilian economy, 
including foodstuff production.  The demand for food of the mining provinces – Minas Gerais, 
Goiás, and Mato Grosso – was met, in good part, by agriculture and ranching in the southeast 
‘captaincies’ of São Paulo, Rio Grande do Sul, and Santa Catarina.  Here, sugar production was 
limited due to the colder climate, but other activities, such as whaling, gained in importance.  In 
the Amazon region, where the climate was also inauspicious for sugarcane, cotton became an 
important crop. 
If the seventeenth century was that of sugar, and the eighteenth, of gold, then the 
nineteenth century was the century of coffee.  By the 1830s, coffee exports had surpassed those 
of sugar in value for the first time (Klein and Vidal Luna, 2010).  This was a period of expanding 
agricultural production in not only coffee, but sugar, tobacco, and cotton.  Higher world prices 
plus the pro-market reforms of Pombal in Brazil led to a resurgence of the Brazilian sugar 
industry (Schwartz, 1985). 
I first present some evidence on the production of sugar, gold, and coffee from roughly 
1540, when the first settlements had just been established, to about 1860, when the last 
shipments of African slaves arrived in Brazil.  I then estimate the size of the slave workforce 
                                                 
1
 According to Schwartz (1985), Governor Afonso Furtado de Mendonça came to Bahia in 1671 with a 
mandate to encourage exploration of mineral deposits. 
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given the technology and level of output in each sector.  I conclude this section with a synthesis 
of the data and discuss the overall implications for the population statistics compiled in the 
previous chapter. 
 
• Sugar 
 
I estimate the slave workforce in each province based on the number of sugar plantations 
(engenhos) and output per-worker, and then compare these figures to the population data from 
the sixteenth to nineteenth centuries. 
 
 i.) Sixteenth Century 
 
The numbers of engenhos in the captaincies of Brazil in 1570 and ca. 1585 are detailed 
by the chroniclers Gândavo (1570) and Soares (1587), and the Jesuits Cardim (1583) and 
Anchieta (1585).  The number of engenhos in some captaincies ca. 1545 is also recorded by H.B. 
Johnson (1987), based on contemporary documents.  Gândavo and Soares were writers interested 
in describing Brazil: its geography, cities, economy, and aboriginals.  Both were familiar with 
the country – Gândavo travelled there from 1568 to 1571 and Soares settled in Bahia in 1570 and 
owned sugar plantations and farms.  Cardim and Anchieta were Jesuit directors in Brazil who 
had also travelled throughout the country. 
In Informação da Província do Brasil para nosso Padre (1585), Anchieta gives a total of 
131 engenhos in seven captaincies (Itamaracá is excluded).  Slightly lower figures were 
published by Anchieta a year earlier in Informação do Brasil e de suas Capitanias.  In Narrativa 
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Epístolar de uma Viagem e Missão Jesuítica (1583), Cardim gives a total of 114 engenhos 
(Itamaracá, Porto Seguro, and São Vicente are omitted).  Finally, Soares, in Tratado Descritivo 
do Brasil em 1587, indicates a total of 119 engenhos in Brazil (Rio de Janeiro is omitted).  The 
estimates of these three authors are very close, except that the 50 engenhos Soares cites for 
Pernambuco are fewer than the 66 cited by Anchieta and Cardim.  Anchieta’s language is most 
precise and his coverage most complete, so I adopt his figures with the addition of the six 
engenhos for Itamaracá cited by Soares, and one for Porto Seguro cited by Cardim.  The figures 
for 1585, along with those for 1545 and 1570, are presented by captaincy in Table I. 
 
Table I. Sugar Plantations in Brazil during the Sixteenth Century 
Captaincy 1545(1) 1570(2) 1585(3) 
Itamaracá .. 3 6(5) 
Pernambuco 5 23 66 
Bahia 2 18 46 
Ilhéus ..(4) 8 6 
Porto Seguro .. 5 1(6) 
Espírito Santo 4 1 6 
Rio de Janeiro .. 0 3 
São Vicente 6 4 4 
Total 17 62 138 
1Source: H.B. Johnson, 1987, p. 31-34. 
2Source: Gândavo, Tratado da Província do Brasil, 1576. 
3Source: Anchieta, Informação da Província do Brasil para nosso Padre, 1585. 
4Ilhéus did produce sugar at this time, but it is unclear how many engenhos it had.  
Based on circumstantial evidence, there may have been from 2 to 4 engenhos. 
5Source: Soares, Tratado Descritivo do Brasil em 1587. 
6Source: Cardim, Narrativa Epístolar de uma Viagem e Missão Jesuítica, 1583. 
 
The data presented in Table I show increasing numbers of engenhos over time in at least 
half of the captaincies.  In Ilhéus, Porto Seguro, Espírito Santo, and São Vicente, production 
declined.  In the first three cases, the Tupi/Aimoré  drove out the settlers and destroyed many 
plantations; in São Vicente, the geography was not as favorable to sugar production and the 
economy diversified into the interior around São Paulo (Johnson, 1987). 
What can these figures tell us about the population of the settlements at the time?  This is 
not so straightforward and requires answers to the following questions: What fraction of 
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economic activity was sugar production?  How much did the plantations produce?  What fraction 
of the workforce was European, Native, or African and what roles did they perform?  What was 
the relative productivity of each of these workers?  How did productivity vary across plantations 
of various sizes?  What was the average number of workers per ton of sugar?  These questions, 
especially the latter ones, cannot be answered with certainty. 
According to Blume (1985), the size of an early sugar plantation ranged from 10,000 to 
13,000 hectares (100 to 130 km2) and employed 120 to 160 slaves in the fields, 20 whites, and 
another 40 slaves in the milling process.  A sublessor usually worked one 6.1 ha partido with 20 
slaves.  Based on an average yield of 53.51 t/ha and a 5% recovery rate, each slave would have 
produced 51 arrobas (one arroba≈32 pounds) of sugar (Blume, 1985); however, the productivity 
of the engenhos differed according to their size and number of slaves. 
By this logic, a large plantation (~120 slaves) would produce at least six thousand 
arrobas, or 87 tons of sugar.  Abreu e Brito also claims that a good engenho would produce over 
six thousand arrobas a year.  According to Klein and Vidal Luna (2010), at the end of the 
sixteenth century, Brazil produced eight to nine thousand tons (560,000 to 630,000 arrobas) of 
sugar a year across 200 plantations, or an average of over 40 tons (2,800 to 3,150 arrobas) each.1 
The treatises of Gândavo and Cardim ca. 1585 quote an annual production of three 
thousand arrobas por engenho.  The level of productivity was not constant, of course.  Although 
the benefit of virgin soil should not be underestimated, a major jump in productivity came in 
1617 with the spread of the three-roller vertical press (Klein and Vidal Luna, 2010).  For 
example, in 1618 Brandão reported 5,000 to 10,000 arrobas per mill (Schwartz, 1985). 
                                                 
1
 At the turn of the century, there were likely far more than the 138 engenhos of Anchieta.  Goulart would 
agree, citing the 226-230 suggested by Frei Vicente do Salvador in 1627.  Freyre proposes a total of 354 not long 
after that.  These figures lend credit to Schwartz’s suggestion of about 200 plantations in 1600. 
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In review, Abreu e Brito suggested annual production per sugar plantation of six 
thousand arrobas, the estimate shared by Blume; Gândavo and Cardim suggested three thousand, 
a figure repeated by Klein and Vidal Luna.  It is likely that average production was less than 
6,000 arrobas, the figure for a large plantation.  Furthermore, productivity was probably lower 
further back in time, absent soil degradation which may not have been substantial for decades 
after planting.  Therefore, an average output of three to four thousand arrobas per sugar 
plantation is a reasonable range for the sixteenth century.  This is more consistent with the two-
to-five thousand arroba average reported by Schwartz (1985) for the seventeenth century, in 
which productivity was supposedly higher. 
It remains to identify how many slaves would have worked on a typical plantation.  
Blume (1985) suggests over 120.  Goulart (1975) cites the following opinions: Cardoso (1983) 
recommends 80 per plantation as a fair, but potentially high estimate.  De Laet (1644) argues that 
large engenhos had about 100 African slaves.  Van de Dussen (1640) proposes that a sugar 
plantation needed a standing workforce of at least as many slaves as needed during the harvest, 
which may be 40 to 70 for as many arrobas produced.  Thus, the range of estimates is from 40 to 
120 slaves per plantation with an average of about 80.  This is similar to that proposed for sugar 
plantations in Spanish America during the seventeenth century (Schwartz, 1985). 
What was the racial composition of this typical sugar plantation with an annual output of 
about 3,000 arrobas and 80 slaves?  This will vary from the beginning to end of the sixteenth 
century and one should not purport to know with any certainty.  Tangential evidence suggests 
that the labor force was primarily indigenous, with a substantial shift to African labor beginning 
mid-century, as suggested by Klein and Vinson (2007): “From 1540 to 1570, Indian slaves were 
the primary producers of sugar in Brazil and accounted for four-fifths or more of the labor force 
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in the Northeast and almost all the labor component in the southern sugar mills developing in the 
Rio de Janeiro region,” (p. 45).  Data on the ethnic composition of the population is incomplete 
until 1585, when Africans may have constituted one-third to two-thirds of the slave labor force.1 
The total number of workers and gross sugar output in each captaincy are presented in 
Table II based on the number of engenhos presented in Table I, an average of 80 slaves per 
engenho, and average production of 3,000 arrobas (43 tons) of sugar per plantation/year.  I will 
not make any assumptions about the racial composition of the workforce at this point.  There are 
assumed to be two engenhos in Ilhéus ca. 1545.  Otherwise, all sources are as described above. 
 
Captaincy Slaves
Output 
(Arrobas)
Output 
(Tons) Slaves
Output 
(Arrobas)
Output 
(Tons) Slaves
Output 
(Arrobas)
Output 
(Tons)
Itamaracá .. .. .. 240 9,000 129 480 18,000 257
Pernambuco 400 15,000 214 1,840 69,000 986 5,280 198,000 2,829
Bahia 160 6,000 86 1,440 54,000 771 3,680 138,000 1,971
Ilhéus 160 6,000 86 640 24,000 343 480 18,000 257
Porto Seguro .. .. .. 400 15,000 214 80 3,000 43
Espírito Santo 320 12,000 171 80 3,000 43 480 18,000 257
Rio de Janeiro .. .. .. .. .. .. 240 9,000 129
São Vicente 480 18,000 257 320 12,000 171 320 12,000 171
Total 1,520 57,000 814 4,960 186,000 2,657 11,040 414,000 5,914
158515701545
Table II. Slave Labor Force and Gross Annual Production in Brazil during the Sixteenth Century
 
 
The numbers of slaves listed here are only estimates for the sugar plantations, excluding 
domestic servants also living on the estates.  If the sugar plantation only comprised about 70% of 
the economy, as suggested by Goulart, then the total number of slaves in the settlements would 
have been greater.  This would be consistent with the approximately 30,000 African slaves 
imported into Brazil during the century.  The production-based estimates are in-line with the 
population figures available for this period: there were potentially 8-900 Africans in Brazil ca. 
1545, 2-3,000 ca. 1570, and 9,830 ca. 1585. 
                                                 
1
 The population estimates referred to henceforth, unless otherwise indicated, are from Chapter One.  The 
sources and construction of these figures will not be discussed here. 
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If representative, this implies that the plantation workforce was roughly 50% African in 
1545, 60% in 1570, and 90% in 1585.  This, however, is misleading because in the field and mill, 
African slaves were preferred; in food production, hunting, transportation, and domestic work, 
Natives were favored (Hemming, 1978).  Therefore, although the share of Africans employed as 
field/mill slaves may have increased from 50 to 90 percent over the course of forty years, the 
overall population was still mostly indigenous until the mid-1700s. 
I consider how the workforce numbers differ from the population estimates on a state-by-
state basis.  Beginning with 1545, the settled areas of São Vicente (today São Paulo) are said to 
have five hundred blacks and 2.5-3 thousand Natives.  The estimated workforce of 480 workers 
obtained in Table II squares nicely with the recorded number of African slaves there at the time.  
The question of the role of thousands of Native slaves remains.  The missions were not major 
population centers yet, but the Natives were still involved in subsistence agriculture outside of 
the Portuguese settlements in addition to working on the plantations.  For Ilhéus, with only two 
engenhos, or an estimated workforce of 160, the supposed four hundred Africans there may be 
an exageration.  However, neighboring Bahia also had an estimated workforce of 160 which, 
combined, gives 320 slaves compared to the 400 cited, a smaller discrepancy.  Of course, given 
the hostilities and insecurities, lost plantations, flight, and emigration of the time, nothing can be 
ruled out. 
In 1570, the Jesuit missions (aldeais) were nearing their peak in the southeast.  Their 
Native residents were not slaves per se, but the surplus of their production still settled in the 
hands of the Jesuits, who would market the food surplus in the towns or ‘rent’ the Natives’ labor 
to settlers.  There is one record for São Vicente, which indicates that one thousand Natives were 
in the region’s aldeais.  According to Marcílio (1984), “…by 1570 there were already several 
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thousand [African slaves] employed on sugar engenhos,” (p. 52).  This is consistent with my 
calculation of a necessary workforce of nearly 5,000 slaves.  There are no other data for the 
African population during this period. 
For 1585, statistics on the number of Natives in the aldeias in each captaincy are as 
follows: Pernambuco, 2,000; Bahia, 7,335; Espírito Santo, 4,500; Rio de Janeiro, 3,000; and São 
Vicente, 1,000.  The numbers of Africans in each captaincy proposed in the previous chapter are: 
Pernambuco, 5,665; Bahia, 3,665; and Ilhéus, 500.  Comparing the numbers of Africans to the 
corresponding workforce estimates in Table II: Pernambuco, 5,665 versus an estimated 5,280, a 
difference of only 385 people; Bahia, 3,665 versus an estimated 3,680, a difference of only 15; 
Ilhéus, 500 versus an estimated 480, a difference of 20. 
Either the African slave population was closely matched to the necessities of the sugar 
plantations, as is argued, or all three primary sources derive their population estimates in a 
similar way to that done here.  The latter scenario is unlikely, since both the plantations and the 
towns were familiar to these residents who spent much of their lives active in Brazil.  If 
anything, this hints to the scope of other activities in which the Native population would have 
been employed.  Granted, the Native population was in the midst of a demographic collapse and 
the size of the workforce was unstable. 
 
 ii) Seventeenth Century 
 
The Brazilian sugar industry expanded at a rapid pace until refrained by political conflict 
in the mid-seventeenth century.  Data are incomplete for the latter half of the century because of 
Dutch occupation of Pernambuco.  Although output declined in this region, in other parts of 
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Brazil growth continued at a slower pace; despite lower sugar prices during the 1680s caused by 
an increasing Caribbean supply, the sugar economy continued to expand until the beginning of 
the next century (Schwartz, 1985).  The numbers of engenhos in each captaincy in 1612, ca. 
1630, and in 1710 are presented in Table III. 
 
Table III. Sugar Plantations in Brazil, 1610-1710 
Captaincy 1610† ca. 1630‡ 1710†† 
Rio Grande 1 2 ..  
Paraíba 12 20 24 .. 
Itamaracá 10 23 18 .. 
Pernambuco 90 121 150 246 
Sergipe 1 8 .. .. 
Bahia 50 69 80 146 
Ilhéus 5 2 4 .. 
Porto Seguro 1 .. .. .. 
Espírito Santo 8(a) .. 8 .. 
Rio de Janeiro 14(a) ..(b) 60 136 
São Vicente .. .. 2 .. 
Total 192 245 346 528 
†Source: Campos Moreno (1612), Livro que Dá Rezão do Estado do Brasil. 
‡Sources: Brito Freyre (1675), História da Guerra Brasílica, and Cadena (1629), 
Descripción de la Provincia del Brasil. 
††Source: Antonil (1711), Cultura e Opulência do Brasil. 
(a)Figure suggested by Schwartz (1985).  Source: Jácome Monteiro (1610) in 
Leite, HCJB, VIII, 393-428. 
(b)Freyre reports that there were 109 engenhos in Rio de Janeiro ca. 1675. 
 
I estimate of the number of engenhos in Brazil in 1585 at 138, and Klein and Vidal Luna 
(2010) put the total at around 200 by 1600.  By adding the observations of Monteiro (1610) to 
the figures of Campos Moreno, Schwartz (1985) arrives at a total number of engenhos of 192, 
with data absent for São Vicente.  There were four plantations in São Vicente in 1585; based on 
the other captaincies, there would have been six or more in 1610, suggesting a total of at least 
200 in Brazil at the turn of the century. 
For the years around 1630, there are two sources of data.  The first is Francisco de Brito 
Freyre (História da Guerra Brasílica, 1675), historian and Governor of Pernambuco.  He 
describes the captaincies and their engenhos from 1624 to 1638.  Freyre’s total, including Rio de 
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Janeiro, is 354, with observations missing for Porto Seguro, Espírito Santo, and São Vicente.  
The figures in the adjacent column were republished by Mauro (1960) and then Schwartz (1985).  
Schwartz attibuted the anonymous report “Description of the Province of Brazil” cited by Mauro 
to Pedro Cadena de Vilhasanti, Royal Treasurer of Brazil, who recounted identical figures in a 
separate document dated 1634.1  Cadena fails to report the number of engenhos in Rio Grande, 
Sergipe, and Porto Seguro. 
The totals of 245 and 346 provided by Freyre and Cadena are quite different, but that is 
because the number of engenhos in Rio de Janeiro ca. 1630 is not reported.  Furthermore, the 
figures from Freyre do not correspond to exactly the same years, as they were published in 
retrospect.  For instance, the supposed 69 engenhos in Bahia refers to the year 1624, and is 
naturally less than the 80 Cadena claims in 1629.  Although Freyre’s figure for Pernambuco also 
refers to 1629, it is markedly less than that of Cadena.  All of the other observations refer to 
years after 1630, but do not differ markedly from Cadena’s.  If Freyre’s figures for Rio Grande 
and Sergipe are added to Cadena’s, such that only Porto Seguro is not counted (where there 
probably were not many engenhos), the total number of engenhos in Brazil ca. 1630 is 356.  
Conversely, if Cadena’s figures fill in for Freyre’s missing values, the total number of engenhos 
is 315.  The average of their estimates will be used to calculate sugar output ca. 1625. 
There is no additional, relatively complete, cross-sectional data until eighty years later 
with Cultura e Opulência do Brasil (1711) by Antonil (the pen name of Andreoni).  Antonil’s 
figure of 528 indicates a continued expansion of the Brazilian sugar industry, but at a slower 
pace than at the beginning of the century.  The Dutch capture of much of Pernambuco and the 
                                                 
1
 The primary document cited by Mauro is located at the National Library of Madrid, Mss. 3015, f. I-31 
(Sept. 30, 1629).  The 1634 document cited by Schwartz was reprinted by Franzbach, JGSWGIA 7 (1970). 
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abandonment of many engenhos is a major factor, in addition to heightened competition with 
other sugar-producing regions. 
While the workforce on the plantations did not change substantially between 1585 and 
1625, the productivity of the milling technology did.1  The three-roller vertical press adopted in 
1617 made sugarcane production much more profitable, as confirmed by the jump in the number 
of engenhos between 1600 and 1630.  According to Schwartz (1985): 
 
Expansion in the post-1612 period does not seem to have been led by favorable prices, at least in the 1620s 
when the market was poor.  Instead, it appears that the technical innovation, the three-roller vertical mill, 
introduced in Brazil between 1608 and 1612, was largely responsible for the spurt of growth (p. 166). 
 
The new mill design substantially reduced start-up costs and may have created some 
production efficiencies, Schwartz adds, in cane-juice extraction.  For instance, Brandão (1618) 
argued for output of five to ten thousand arrobas por engenho.  By taking the output levels cited 
by contemporary authors, and dividing them by the number of engenhos they, or others, list, 
Schwartz obtains a range of 3,200 to 4,824 arrobas per plantation from 1610 to 1632 with 
average production declining thereafter. 
While production of 3,000 arrobas of sugar per plantation was about the average during 
the late sixteenth century, by 1644 in the Dutch possessions, medium engenhos were said to 
produce 4-5,000 arrobas a year, with large ones producing 7-8,000 arrobas and smaller ones 
under 3,000 (de Laet, 1644 cited by Goulart,1975).  In light of the output data for Bahia and 
Pernambuco referenced by Schwartz (based on the writings of Monteiro, da Costa, and Cadena) 
                                                 
1
 Goulart cites DeLaet referring to the number of workers on the sugar plantations in New Holland in 1644: 
100 blacks on large, 50 on medium, and 20 on smaller engenhos.  This is not very different than what was typical in 
Brazil during the previous century. 
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and the testimony from de Laet, the average sugar production per engenho would likely have 
been greater than 3,000 arrobas but no more than the 4,500 arrobas achieved in the propitious 
region of Pernambuco and Bahia. 
The average output per sugar plantation would have been at least 4,000 arrobas.  How 
many workers would have been required to produce that amount of sugar?  Recall that based on 
Blume’s (1985) figures, each slave would have produced 51 arrobas of sugar.  In this case, the 
average engenho would still have about 80 slaves, as in the sixteenth century.  This output level 
reflects a 25% increase in worker-productivity following the adoption of the three-roller press. 
In the seventeenth century, the share of sugar production in the Brazilian economy was 
possibly still quite high, perhaps as much as the 70% suggested by Goulart (1975).  Only at the 
end of the century, with the beginning of the gold boom, did taxes on gold compete with the 
Crown’s sugar royalties (Russell-Wood, 1987).  The estimated slave labor force and gross annual 
output are reported in Table IV for all potential captaincies for the period ca. 1630 based on the 
average number of engenhos reported by Brito Freyre (1675) and Cadena (1629). 
 
Captaincy Engenhos
Slave 
Population
Output 
(Arrobas )
Output 
(Tons)
Rio Grande 2 160 8,000 114
Paraíba 22 1,760 88,000 1,257
Itamaracá 21 1,640 82,000 1,171
Pernambuco 136 10,840 542,000 7,743
Sergipe 8 640 32,000 457
Bahia 75 5,960 298,000 4,257
Ilhéus 3 240 12,000 171
Espírito Santo 8 640 32,000 457
Rio de Janeiro 60 4,800 240,000 3,429
São Vicente 2 160 8,000 114
Total 336 26,840 1,342,000 19,171
Table IV. Slave Labor Force and Gross Output ca. 1630
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The total output estimate of over 1.3 million arrobas in Brazil in 1630 is close to the 
contemporary estimates of 1.3 million by R. Garcia and 1.5 million by de Sousa cited in Mauro 
(1960); however, the estimate is higher than Onizio’s for the year 1637 (in Schwartz, 1985).1 
While this estimated slave workforce may be a useful benchmark with which to compare 
the African and Native populations in the captaincies during the seventeenth century, there are 
very few statistics on the population at this time.  Although tens of thousands of Natives were in 
the Jesuit aldeias in the north, this region did not produce much sugar.  Juan de Mongelos says 
that there were 20,050 Natives in São Vicente in 1676, and some of their labor factored into 
sugar production.  According to Jesuit António Viera, there were 25,000 Africans in Bahia in 
1689.  Would these labor forces be commensurate with the number of engenhos at this time? 
The number of engenhos in Bahia ca. 1630 was around 75, compared to 146 cited by 
Antonil in 1710.  Given that the expansion of the sugar industry was relatively slow from 1630-
1670 compared to the 1670 to 1710 period, there could have been up to 110 engenhos in Bahia 
ca. 1670.2  That corresponds to 8,800 slaves assuming an average of 80 slaves per plantation, far 
fewer than the 25,000 alleged by Viera.  Concerning São Vicente, it is hard to believe that more 
than a small fraction of the 20,050 Natives claimed to be there in 1676 were involved in sugar 
production – the captaincy had but two engenhos in 1629. 
 
 iii.) Eighteenth Century 
 
                                                 
1
 Schwartz cites an estimate by Onizio of 900,000 arrobas.  His source is Leite, ed., Relação Diária do 
Cêrco da Bahia, 8 (1941), (p. 110). 
 
2
 This is close to the 109 reported by Brito Freyre (1675) for Rio de Janeiro, which had fewer engenhos to 
begin with but whose sugar industry would have been less affected by the conflict with the Dutch. 
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The number of engenhos, their workforce, and their annual output had changed 
substantially by the eighteenth century.  According to Schwartz (1987), “The average Brazilian 
production per engenho decreased in the later seventeenth century owing to the proliferation of 
smaller units in Rio de Janeiro and Pernambuco.  Moreover, individual mill productivity also 
seems to have declined in the eighteenth century, although the reasons for this are not clear,” (p. 
75).  The figures published in Schwartz (1985) guide this assertion: Across seven observations 
for the eighteenth century – for Bahia (1710/1755/1758/1786), Pernambuco (1710/1751), and 
Rio de Janeiro (1710) – the average output per engenho was only 2,265 arrobas of sugar 
compared to the 3,000 cited by Antonil at the end of the previous century. 
If production per engenho decreased but plantations were smaller, it is still possible that 
output per-worker increased.  There were further technical innovations during the eighteenth 
century that may have boosted productivity.  Furthermore, since slaves were more expensive 
than during the previous century, one would expect that senhores de engenho substituted towards 
cheaper factors.  Nonetheless, it does not appear that the sugar-producing technology changed 
substantially even as efforts at innovation accelerated toward the end of the century (Schwartz, 
1985).  Yields may have declined during the eighteenth century as a result of soil degradation 
and bad weather, in which case the sugar yield per-slave would also have declined (Stein, 1985). 
Blume’s (1985) analysis for early Brazil of the area and number of workers on a typical 
sub lot, plus the yield-per-hectare and recoverable sugar, yields an average output per worker of 
about 50 arrobas.1  On a typical plantation during the seventeenth century, there may have been 
an average 80 slaves, giving a total output of 4,000 arrobas por engenho, a number consistent 
with contemporary estimates around 1630.  Based on the observations described here, the 
                                                 
1
 This corresponds to 2,724 kg/ha of sugar, which is above the average but still within the range observed in 
the Americas during the eighteenth century (Schwartz, 1985). 
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average output per engenho was 2,265 arrobas during the eighteenth century.  It is unlikely that 
a decline of this magnitude is attributable to the establishment of many small plantations; it may 
also be the case that output per slave decreased.  I propose a decrease in output per-slave of 20% 
to 40 arrobas per slave. 
Schwartz (1985) identifies a downward trend in Brazil’s total sugar output over the 
course of the eighteenth century.  The industry was less profitable than it was previously and 
Brazil’s share of world sugar output steadily decreased.  To support this claim, Schwartz cites a 
nineteenth-century estimate of 2.5 million arrobas of sugar produced in Brazil in 1730 (a third of 
world output).  In 1776, only 1.4 million arrobas were said to have been produced (under ten 
percent of world output).1  Schwartz purports that total annual production varied from 1.5 to 2.5 
million arrobas during the 1750s and 1760s. 
Antonil suggested a total output in 1710 across Bahia, Pernambuco, and Rio de Janeiro of 
1.3 million arrobas: the estimated output in 1630 – eighty years earlier – for all of Brazil was 
also 1.3 million arrobas.  Adjusting Antonil’s total for unreported regions, and adopting a 
similar rate of expansion as during the sixteenth century, there may have been 657 engenhos in 
Brazil producing a total of 1.6 million arrobas of sugar in 1710.2  Thus, total output (in arrobas) 
may have increased from 1.3 million in 1630 to 1.6 million in 1710, peaked at about 2.5 million 
ca. 1730, and then declined to 1.4 million in 1776 and less thereafter.3  The estimated slave labor 
                                                 
1
 Burlamaqui, Monographia da Canna d’Assucar (1862); Raffard, A Industria Saccharifera no Brasil 
(1882); Drescher, Econocide: British Slavery in the Era of Abolition (1977). 
 
2
 Bahia, Pernambuco, and Rio de Janeiro had a combined 270 engenhos in 1630 (see previous section) and 
a total of 528 engenhos, according to Antonil in 1710, 2.0 times more or an annual growth rate of 0.8%.  If the 
experience in the other captaincies was similar, their 66 engenhos in 1630 would have numbered 129 by 1710 – a 
potential total of 657 engenhos in 1710.  Antonil’s average yield in 1710 is 2,454 arrobas per engenho, so the total 
output in Brazil may have been approximately 1.6 million arrobas of sugar. 
 
3
 Schwartz (1985) indicates that sugar prices were ‘favorable’ until the 1720s, after which time prices 
began to fall.  He cites a document from 1723 from the Câmara of Salvador that states that 24 engenhos went 
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force, number of engenhos, and total output for Brazil in 1710, 1730, 1760, and 1776 is 
presented in Table V based on the assumptions outlined above. 
 
Table V. Sugar Plantations: Output, Number, and Laborers 
All Brazil 1710 1730 ca. 1760 1776 
Gross Output1 1.6 M 2.5 M 2.0 M 1.4M 
# Engenhos2 657(4) 1,104 883 618 
# Slaves3 40,307 62,500 50,000 35,000 
1In arrobas.  Sources: 1710, Antonil (1711) and 1630 estimate; 1730 and 1776, Burlamaqui 
(1862), Raffard (1882), Drescher (1977); ca. 1760, Schwartz (1985) avg. of 1750s/1760s. 
2Equal to (gross output) ∕ (2,265 arrobas per plantation) as per discussion above. 
3Equal to (gross output) ∕ (40 arrobas per slave)… 
4This is based on the report of Antonil (528 engenhos in 3 captaincies) and by assuming an 
identical growth trajectory for the number of engenhos from their 1630-levels (as per 
Freyre, 1675 and Cadena, 1629) for other lesser sugar-producing regions (another 66 
engenhos in 7 captaincies).   With 2,265 arrobas/engenho, this would be 712 engenhos. 
 
These are modest numbers of slaves, nearly all African or Mulatto, set against the total 
slave population or even average imports of new African slaves.  For instance, the slave 
population of Bahia ca. 1724 was 45,482 and the captaincy had only 139 engenhos (Schwartz, 
1985, p. 88).  The requisite workforce in the sugar industry was about 7,871 slaves – only 17 
percent of the slave population.  This supports Klein and Vidal Luna’s (2010) inference that 
sugar-making and mining comprised roughly 25 percent of output. 
Although data is absent for the population of Pernambuco and surrounding areas ca. 
1725, Alden (1987) implies that there were the same number of engenhos, 286,  in Pernambuco 
and Paraíba in 1721 as there were forty years later.  This is consistent with the trend shown in 
Table V.  The required workers for this number of engenhos is therefore 16,195.  This is also 
moderate compared to annual slave imports or an overall population that likely surpassed 
100,000 at this time. 
The African population of Brazil ca. 1725 described in the previous chapter includes the 
following three observations: a few thousand between Pará and Maranhão (Schwartz, 1987), 
                                                                                                                                                             
bankrupt due to high slave prices and much lower harvests than a decade earlier.  The drop in yield relative to 
previous years is confirmed in a separate document from Engenho Sergipe (Bahia) in 1727. 
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2,600 in Cuiabá/Mato Grosso (Boxer, 1962), and over 30 thousand in Minas Gerais (Russell-
Wood, 1987).  The bulk of the slaves in Minas Gerais and Mato Grosso, as will be seen, were 
involved in mining and not sugar production.  In the northeast captaincies, some sugar was 
produced, but its share of national output was low.  This is commensurate with the few thousand 
Africans supposedly in the region, but probably more a result of the relatively high supply of 
Native labor in the region.1 
The first national ‘census’ of Brazil was commissioned in the 1770s.  There are six 
captaincies in which the African/Mulatto population is recorded; the total ‘African’ population 
across Pará-Rio Negro, Maranhão, Bahia, São Paulo, Minas Gerais, and Mato Grosso is 578,302 
out of a total 859,674 people in these captaincies, or two-thirds.  If this is representative, then in 
Brazil there would have been over one million people of African descent, 60 percent of whom 
would be slaves.2 
The number of engenhos in some captaincies during the second half of the eighteenth 
century are referred to in Alden (1987).  There were 268 in Pernambuco-Paraíba in 1761, but 40 
of these were not operating.  In this region, the number of engenhos increased to 390 in 1777.3  
For Bahia, Alden says that this number was about 170 in 1759.  Therefore, the estimated slave 
workforce in the sugar industry ca. 1760 might have been about 12,910 in Pernambuco/Paraíba 
and 9,626 in Bahia.  There are no population figures for Pernambuco at this time, but in Bahia, 
                                                 
1
 Despite ravaging epidemics in the previous fifty years, the Native population of Pará-Maranhão was still 
roughly 25,000 in the Jesuit aldeias alone.  The inhospitability of the terrain for cane may have inhibited the 
purchase of African slaves; the Native labor obtained from one’s own Native slaves or rented from the aldeias 
helped satisfy other necessities.  In addition to domestic labor, food production, and hunting, Natives were actively 
employed in cacao collection and, later, coffee cultivation. 
 
2
 Based on 1800 Census breakdown reported by Alden (1987). 
 
3
 “Relação do no. de engenhos moentes e de fogo morto que ha nas cap. de Pernambuco e Parahyba...,” 
Feb. 1, 1761, AHU/PA/Pernambuco, caixa 50; “Mapa dos engenhos que existem nas capitanias de Pernambuco e 
Paraiba... ate 31 de dezembro de 1777,” AHU/CU/cod. 1821, no. 9; cited in Alden (1987). 
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there were a combined 216,636 people of African descent.1  The sugar plantation workforce 
would have been roughly 4.4% of the African/Mulatto population, or 5.7% of slaves.2  In Rio de 
Janeiro, Alden adds that the number of engenhos went from 56 to 104 from 1769 to 1778, at 
which time the slave workforce would have been 7,000.  Sugar output data from 1750 to 1807 
are published in Alden (1987) and summarized in Table VI. 
 
1750s .. 1750s 364,704 1750s ..
1760s 243,776 1760s 199,714 1760s ..
1770s 341,707 1770s 480,000 1770s 170,598
1780s .. 1780s 480,000 1780s 123,412
1790s 275,000 1790s 538,288 1790s 212,721
>1800 560,000 >1800 800,000 >1800 311,289
Table VI. 18th-Century Sugar Exports of Brazil (in Arrobas  per Year)†
†These figures are the average of the annual observations by decade published by Alden (1987, 
p. 313-328) spanning from 1750 to 1807.
Pernambuco Bahia Rio de Janeiro
 
 
The sugar industry appears to have recovered during the 1790s.  Schwartz (1985) writes 
that by 1798, there may have been 400 engenhos in all of Brazil with 260 in Bahia.  Alden 
(1987) cites the same estimate for Bahia in 1798, plus 140 engenhos in Sergipe, and 616 in Rio 
de Janeiro.3  The required slaves in Bahia/Sergipe and Rio de Janeiro at the end of the eighteenth 
century are 22,650 and 34,881, respectively.  Compare this with the African/Mulatto slave 
                                                 
 
1
 This is calculated from the total population reported in Alden (1963) and the ethnic breakdown for Bahia 
suggested in Alden (1973). 
 
2
 Percentage slave from Strangford to Wellesley, May 20, 1810 in Alden (1987). 
 
3
 Santos, 49-51, 174; “Mapa da população, fabricas e escravaturas do que se compoem as... freguezias da 
villa de... Campos... no anno de mil setecentos noventa e nove,” RIHGB, 65/1 (1902), 295; Albergo Lamego, “Os 
engenhos de açucar nos recôncavos do Rio de Janeiro, em fins do século vii[i],” Brasil Açucareiro (3/1965), 18-25; 
cited in Alden (1987).  The supposed 400 sugar plantations in all of Brazil cited by Schwartz must only refer to the 
combined total of the captaincies of Bahia and Sergipe. 
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populations of 168,935 in Bahia, and 105,378 in Rio de Janeiro ca. 1810.1  Sugar production was 
the occupation of possibly 13.4% of slaves in Bahia/Sergipe and 33.1 percent in Rio de Janeiro. 
Sugar production expanded into the 1720s and declined markedly as a result of war with 
the Dutch until a rebound in the 1770s/1780s that continued onward to the end of the century.  In 
the sugar region, the African population was influenced by the labor demands of the plantations, 
but it likely constituted under 20 percent of the overall slave labor force.  In Bahia, for example, 
the percent of slaves in sugar production went from 17% in 1725, to 5.7% in 1760, to 13.4% in 
1798, mirroring fluctuations in output.  The average of the entire colony may have been in the 
single digits until the end of the century.  Althought the sugar industry grew, it was outpaced by 
mining, other agricultural products, and ranching in the nineteenth century (Alden, 1987). 
 
 iv.) The Nineteenth Century 
 
The slave uprising in Saint Domingue in 1791 and the shutdown of its sugar production 
caused the renewed growth of the Brazilian sugar industry at the beginning of the nineteenth 
century (Schwartz, 1985).  This growth came through the proliferation of smaller engenhos, 
because output per mill at the end of the eighteenth century was only about 1,500 arrobas; 
furthermore, a government subsidy based on distance-to-port encouraged the establishment of 
smaller engenhos further inland (Schwartz, 1985). 
The calculation of the number of workers required for a given level of output becomes 
more complex during this time.  The size of sugar plantations had shrunk, now averaging just 36 
slaves per engenho in Rio de Janeiro, and 17 in São Paulo at the turn of the century; in Bahia in 
1816-1817, the average was 66 (Schwartz, 1985; Klein and Vidal Luna, 2010).  Production per 
                                                 
1
 Alden (1987) from PRO, FO 63/84/ERD/2255, Strangford to Wellesley, May 20, 1810. 
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slave was not very different than in the past, however (~40 arrobas).  The output of sugar for 
Brazil and some key provinces is shown in Table VII. 
 
Period Brazil Rio de Janeiro Bahia Pernambuco
1800-1804 .. .. .. 526,167
1805-1809 .. .. 575,527 554,023
1810-1814 .. .. 717,446 359,355
1815-1819 .. .. 1,120,000 596,947
1820-1824 .. .. 1,348,782 857,376
1825-1829 .. 1,173,343 1,289,616 913,992
1830-1834 .. 998,800 1,288,422 1,391,129
1835-1839 .. 1,026,079 1,355,076 ..
1840-1844 5,975,192 673,832 1,510,717 2,087,917
1845-1849 7,643,440 .. 2,188,441 3,162,102
1850-1854 8,706,162 .. 2,935,752 3,844,894
1855-1857 7,458,923 .. 2,553,701 4,181,198
Table VII. 19th-Century Sugar Exports of Brazil (in Arrobas  per Year)†
†Source: Notas Estatísticas sobre a Produção Agrícola e Carestia dos Géneros Alimentícios 
no Império do Brazil , Sebastião Ferreira Soares, (Rio de Janeiro, 1860).
 
 
If one takes the average sugar production in Brazil and the three regions as shown in 
Table VII, one obtains 7.5M arrobas per year total, with 1.0M in Rio de Janeiro, 1.5M in Bahia, 
and 1.7M in Pernambuco.  With the same level of output per worker as in the eighteenth century 
(40 arrobas/slave), this average output corresponds to a total sugar workforce of 187,500 in 
Brazil, with 25,000 in Rio de Janeiro, 37,500 in Bahia, and 42,500 in Pernambuco – a small 
fraction of the slave population of 813,052 in Brazil ca. 1850; with 293,554 in Rio de Janeiro, 
148,263 in Bahia, and 68,458 in Pernambuco ca. 1850. 
Although the fraction of the population involved in sugar production was about 25% in 
all Brazil, it was much more important to the economies of Bahia and Pernambuco.  In the 
southeast (e.g. Rio de Janeiro and São Paulo), the majority of slaves were involved in coffee 
production.  In the interior, mining and ranching had greater importance.  The next two sub-
sections will consider the historical production of gold and some other products. 
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• Gold 
 
According to Russell-Wood (1987), gold production dominated the economies of the 
states of Minas Gerais, Mato Grosso, and Goiás during the first half of the eighteenth century.  
Land grants were distributed according to the number of slaves one employed.  Most of the 
activity was placer mining with low capital investment, but eventually new techniques and 
hydraulic pumps were employed to facilitate extraction.  The gold boom from 1700 to 1730 
eventually waned, with output falling toward the end of the century. 
It is impossible to identify the total amount of gold extracted during this time.  Unlike the 
other commodities produced in Brazil, gold’s high value and portability made it difficult for the 
Crown to monitor production.  Therefore, records of the royal fifths collected omit a large 
contraband trade.  In fact, by profit-sharing or hoarding gold, slaves could purchase their 
freedom – the free African/Mulatto population in Minas Gerais grew very rapidly and was one of 
the largest such populations in Brazil by the end of the century.1 
The average annual yield of gold per slave varied greatly over time; according to Teixeira 
Coelho, the average annual yield was 20 drams (one dram=1/8 ounce) in 1780 when the mining 
sector was in decline; reports from the 1720s and 1730s range from one-half to one-and-a-half 
drams a week, or 27-81drams/year (Russell-Wood, 1987).2  During the first years of the gold 
boom, Boxer (1962) concludes on the basis of contemporary estimates that an African slave 
                                                 
1
 Russell-Wood (1987) writes: “Whereas in the years 1735-49 fôrros [free people] accounted for less than 
1.4 percent of the population of African descent, by 1786 they accounted for 41.4 per cent of such persons and 34 
per cent of the total population,” (p. 220).  Other states with large free African/Mulatto populations ca. 1800 include 
Goiás (36% of total population), Pernambuco (42%), and Bahia (32%), (Alden, 1987). 
 
2
 Goulart (1975) discusses Coehlo’s example of 20 drams/worker (1,000 drams produced by 50 slaves) and 
that of Eschwege (Pluto II, p. 34-63; also in RAPM, II, p. 632-672), who cites output in Minas Gerais in 1814 of 
228,449 drams from a combined 12,409 free and slave workers (18.4 drams/worker). 
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‘often’ produced 16 drams of gold in a single day.1  For the period between 1735 and 1760, 
Goulart (1975) makes an assessment of 140 to 160 grams (36-41 dr.) per worker-year.  The 
average annual gold output by decade – based on Noya Pinto (1979) as reprinted in Alden (1987) 
– for Minas Gerais is shown in Table VIII. 
 
Table VIII. Minas Gerais Gold Output in Eighteenth Century† 
Decade Output (kilograms) 
Output 
(1,000s dr.) 
“African” 
Population‡ 
Output/Person 
(drams) 
1700-1710 5,880 1,512 18,895* 80* 
1711-1720 13,000 3,342 30,000 111 
1721-1729 14,500 3,728 46,999* 79* 
1730-1739 18,137 4,662 98,730 47 
1740-1749 19,759 5,079 93,328 54 
1750-1759 16,796 4,318 105,541* 41* 
1760-1769 14,058 3,614 131,916* 27* 
1770-1779 11,697 3,007 216,636 14 
1780-1789 8,395 2,158 233,519* 9* 
1790-1799 6,609 1,699 369,090 5 
†Source: Noya Pinto, O ouro brasileiro e o comércio anglo-português (1979, p. 114) in 
Russell-Wood (1987).  1 dr.=3.89 gr.  African population in 1710s - Russell-Wood (1987); 
1730s-40s - Boxer (1962) slave matriculations; 1770s-90s - Alden (1963/1973/1987). 
‡The “African” population includes Blacks and Mulattos, slave and free.  The figures for the 
1710s, 1730s, and 1740s are slaves (only 1.4% of African or Mulatto people were free in the 
1730s-40s).  In the 1790s, 55% (202,356 people) of the Black/Mulatto population was slave. 
*Estimates only.  The per-person gold output is assumed to be 80 drams at first, the high end 
of the range in the contemporary estimates discussed by Russell-Wood (1987).  The 
subsequent output per-worker estimates are the midpoints of adjacent observations. 
 
For periods with population records, the resulting average taxed output per slave is in the 
final column; when the population is unknown, the number of workers is simply the midpoint of 
adjacent observations, beginning with an initial productivity of 80 drams per person.  The data 
confirm a productivity decline from the beginning to end of the century. 
I will use a different method to assess the population data than in the previous sections.  
Beginning with the output per year, and dividing it by the supposed population of African 
descent, one may evaluate whether the resulting output/worker is consistent with the above-cited 
evidence on productivity.  The values obtained are: 111 drams of gold per person in the 1710s; 
                                                 
1
 Codice Costa Matoso, fols. 30-35, 44; Taunay, Relatos Sertanistas, p. 62, 76; Taunay, História Géral, IX, 
115, 121, 136, 237-240, 289. 
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about 50 drams/person during the 1730s and 1740s; 14 drams per person in the 1770s; and 5 
drams per person during the 1790s. 
The figure for the 1710s is rather high, indicating that there may have been even more 
than 30,000 slaves in Minas Gerais at the time.  The output per-worker estimates for the 1730s 
and 1740s are within the range suggested by Russell-Wood, so the population data are 
reasonable.  The 14 drams/person estimate for the 1770s is lower than the 20 drams/person 
indicated by Coelho for the 1780s, but not by much; the 5 drams/person in the 1790s also seems 
low.  It may be that the population statistics are too high but it is more likely the case that not all 
of the population, particularly freed slaves, was involved in gold production. 
 
• Coffee 
 
According to Baptista-Filho (1952), the first coffee plantations were established in São 
Paulo in the mid-eighteenth century; production then spread to Rio de Janeiro, Minas Gerais, and 
Espírito Santo.  It took six to eight years for coffee trees to mature and reach full production; 
they could continue to yield coffee for up to forty years, and live to over 100. 
In the case of sugar, technology transferred from Brazil to the Caribbean – the opposite 
happened with coffee, and Brazil quickly became a major world producer (Klein and Luna, 
2010).  The sugar boom subsided in the 1820s; nonetheless, sugar prices were declining in the 
1830s when the coffee market was favorable and the value of coffee exports exceeded that of 
sugar (Bethell and Murilo de Carvalho, 1989).  The coffee industry at the time was concentrated 
in Rio de Janeiro, but production in São Paulo was encouraged by the Sao Paulo Railway. 
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A typical coffee plantation (fazenda) was between 500 and 1,000 hectares in area and 
employed fewer than 100 slaves.  According to Stein (1985), the typical plantation in Vassouras 
had 80 to 100 slaves in the late nineteenth century.  This is higher than the average of 43 per 
fazenda in Rio de Janeiro in the early 1880s from Van Delden Laerne (1885), cited in Klein and 
Vidal Luna (2010), who adds that the average fazenda had an area of 645 hectares.  Klein (2010) 
concludes that the typical plantation had 70 to 100 slaves.  Baptista Filho (1952) writes that a 
fazenda is generally over 500 hectares in area and has several dozen families working on it. 
In a sample of 543 fazendas in the early 1880s, there were an average 3,359 trees per 
slave (Klein and Vidal Luna, 2010).  As productivity per tree varied, so did productivity per 
slave: Output ranged anywhere from 300 to 3,000 kg of coffee per worker, depending on the 
quality of the soil, the age of trees, and the efficiency of production.  Klein and Vidal Luna 
(2010) cite coffee production of only 400 kg/slave on the “earliest farms of 1820s.”  From the 
summary of Machado de Oliveira’s figures (also in Klein and Vidal Luna), the average 
productivity in São Paulo in 1854 was 957 kilograms of coffee per slave.  On the highest-
producing fazendas during the last quarter-century in São Paulo, Carvalho de Mello calculates an 
average output of 33.6 sacks/slave (with a 60 kg sack, this is 2,016 kg/slave).  According to 
Baptista Filho (1952), the average yield on Sao Paulo fazendas was from 20 to 50 arrobas (one 
arroba = 14.4 kg) per 1,000 trees. 
Brazil’s exports of coffee for the eighteenth century are shown in Table IX.  The source 
is Alden (1987).  The table demonstrates the initiation of coffee production and its rapid 
expansion in Brazil: From an average of only 7 arrobas of coffee produced per year in the 1770s, 
production surpassed 50,000 arrobas a year after 1800.  There was also rapid growth of coffee 
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production in the traditional sugar provinces of Pernambuco and Bahia.  In Pará and Maranhão, 
the original coffee-producing provinces, production actually declined after 1750. 
 
1750s .. 1750s .. 1750s .. 1750s 4,170 1750s 2,388
1760s .. 1760s .. 1760s .. 1760s 4,719 1760s 4,670
1770s .. 1770s 33 1770s 7 1770s 4,460 1770s 3,490
1780s .. 1780s .. 1780s 307 1780s 2,144 1780s 48
1790s 20 1790s 2,420 1790s 5,289 1790s 3,970 1790s ..
>1800 341 >1800 4,746 >1800 54,690 >1800 3,965 >1800 ..
Bahia Rio de Janeiro Pará Maranhão
Table IX. Eighteenth-Century Coffee Exports of Brazil (in Arrobas  per Year)†
†These figures are the average of the annual observations by decade published by Alden (1987, p. 313-328) spanning from 1750 to 1807.
Pernambuco
 
 
Table X shows Brazilian coffee exports for the nineteenth century.  The source is Ferreira 
Soares (1860).  The coffee output of Rio de Janeiro represented over 90% of national output 
during the 1840s.  Coffee was by far the most valuable product of the southeast provinces; 
correspondingly, this region became the largest importer of African slaves during the nineteenth 
century (Klein and Vidal Luna, 2010). 
 
Period Brazil Rio de Janeiro Bahia
1800-1804 .. .. ..
1805-1809 .. .. ..
1810-1814 .. .. ..
1815-1819 .. 319,650 ..
1820-1824 .. 539,000 ..
1825-1829 .. 1,695,055 ..
1830-1834 .. 2,441,435 47,533
1835-1839 .. 3,676,356 64,860
1840-1844 5,809,132 5,713,608 58,509
1845-1849 8,175,251 7,497,064 94,272
1850-1854 10,268,534 .. 147,577
1855-1857 11,465,720 .. 241,045
Table X. 19th-Century Coffee Exports of Brazil†
†Average arrobas  per year.  Source: Notas Estatísticas sobre a 
Produção Agrícola e Carestia dos Géneros Alimentícios no Império do 
Brazil, Sebastião Ferreira Soares , (Rio de Janeiro, 1860).
 
 
The low productivity of older trees made new plantings a necessity and the search for 
virgin land pushed the frontier westward (Stein, 1985).  If productivity ranged from 300 to 3,000 
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kg/slave (roughly 20 to 200 arrobas) and the age of trees was uniformly distributed, then the 
output figures in Tables IX and X divided by an average yield of 1,500 kg/slave (~100 arrobas) 
would yield a benchmark for the population data.  For Rio de Janeiro, the hypothetical estimates 
thus obtained nearly match the total population across all periods.  In Bahia, the coffee 
workforce was but a fraction of the total population. 
 
• Other Products 
 
Alden (1987) observes an “agricultural renaissance” of the coastal regions in the 1780s.  
This involved sugar, as well as tobacco, cotton, rice, wheat, and coffee – all of which were 
exported to Portugal in large quantities by the end of the century.  Variation in the share of these 
commodities in each state’s output was largely climatic.  Referring to the second half of the 
eighteenth century, Alden writes: “Cotton was to Maranhão what cacao was to Pará and sugar to 
Bahia, Rio de Janeiro, and São Paulo, a dominant staple that justified dispatching considerable 
numbers of ships on a regular basis to colonial ports to load such staples and less important 
commodities,” (p. 318). 
Other major export crops in the nineteenth century were cotton, tobacco, aguardiente, and 
yerba mate.  Cotton production, centered in the northern provinces, suffered during the 1830s 
and 1840s due to competition with the United States, but rebounded during the Civil War 
(Bethell and Murilo de Carvalho, 1989).  Tobacco production, centered in Bahia, continued to 
thrive in the nineteenth century, but held a small share of total exports by value.  Aguardiente 
and yerba mate were products with largely domestic demand. 
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The available staple output statistics demonstrate how diversified the economy became 
during the eighteenth century.  Unfortunately, they are not very useful in evaluating the size of 
the slave population – the main labor force in each sector – because individually they did not 
form a large part of national output.  Suppose that one slave produced 20 arrobas of cotton a 
year.1  In this case, there would have been at least 11,068 slaves in Bahia producing cotton plus 
another 22,650 in the sugar industry – together only 20% of the African population.  This 
economic diversification makes it difficult to evaluate the population in this manner. 
 
• Summary 
 
Table XI presents a summary of the technologies involved in sugar, gold, and coffee 
production and the corresponding slave workforces.  The sums of these estimates are shown in 
the second-to-last column, with the African slave population in the last column.  I argue that the 
proximity of the production-based estimates of the slave workforce to the population statistics 
presented in the previous chapter is a valid test of their accuracy. 
 
Table XI. Production-Based Population Estimates: Comparison with Population Statistics† 
Time Sugar (s) Gold (g) Coffee (c) 
Total 
Workforce 
African 
Population 
from Ch. 1 (Y/L)s # engenhos Ls (Y/L)g Lg (Y/L)c Lc (Ls +Lg + Lc) 
1545 37.5 19 1,520 - - - - 1,520 900 
1585 37.5 138 11,040 - - - - 11,040 9,830 
1630 50 336 26,880 - - - - 26,880 5,000(a) 
1730 40 1,104 62,500 46.25 100,800 - - 163,300 96,541(b) 
1775 40 618 35,000 20 150,350 1,500 92 185,442 559,647(c) 
1840 40 2-4,000 149,380 - - 1,000 148,894 298,274 813,052(d) 
†The assumptions underlying these figures are discussed in the preceding sections.  The estimates for gold and coffee production are based on 
recorded output, whereas the estimates for sugar are based on the # of sugar plantations (engenhos).  The output per worker (Y/L) for sugar is 
measured in arrobas (1 arroba ≈ 32 pounds ≈ 14.5 kilograms); for gold, in drams (1 dram = 3.89 grams); and, for coffee, in kilograms. 
(a)
 This figure is for Pernambuco only; there were probably at least 5,000 Africans in Bahia as well.  This observation is questionable. 
(b)This figure is for Minas Gerais only; there were at least 50,000 additional African slaves in the sugar region of Bahia and Pernambuco. 
(c)This is the free and slave African/Mulatto population, about half of whom were slaves. 
(d)
 This figure is for the slave population only and includes both Africans and Mulattos. 
                                                 
1
 Melo e Castro, Instrução para... Noronha, fol. 96r; von Spix and von Martius, II, 502 n. I. 
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The population data compiled in the previous chapter, particularly the number of people 
of African descent, are closely associated with the workforce required in the provinces over the 
history of Brazil.  This is somewhat obscured by Table XI because there are missing data for 
some provinces, causing the total recorded population to be too low.  For the sixteenth century, 
the sugar workforce estimates differ from the recorded population of each captaincy by no more 
than a few hundred people, an average deviation of less than 10%.  For 1630, the figures are 
difficult to compare: the 5,000 Africans shown refer only to Pernambuco but there must have 
been as many in Bahia at the time, at least 15,000 in all of Brazil. 
In 1730, the estimated workforce is larger than the recorded number of Africans because 
the data for Bahia, Maranhão, Mato Grosso, Minas Gerais, and Pará is omitted.  Comparing the 
required workforce for Minas Gerais to the recorded slave population there in 1735 (100,800 vs. 
96,541) and 1775 (150,350 vs. 133,708) reveals an average difference of only 8%.  Across Brazil 
in 1775, the recorded African population is several times greater than the workforce necessary in 
the sugar, gold, and coffee sectors.  The economy was diversifying, coffee production had yet to 
explode, and the free African/Mulatto population outgrew the slave in some areas.  During the 
early nineteenth century, slaves were involved in every possible economic activity, from street 
vendors to tanners and blacksmiths (Klein and Vidal Luna (2010): In Rio de Janeiro in 1840, the 
workforce estimates suggest that less than half of slaves were employed in coffee production. 
The aggregate statistics are within 50% of the production-based estimates; however, the 
mismatch of state-level population and output data causes the poor fit.  The state-by-state 
differentials are smaller and the population data are within +/- 20% of the workforce estimates 
for the first few centuries of Brazil’s history.  These data are therefore reliable.  In the next 
section, I consider how slave import records can be used to further refine the population figures. 
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III. Slave-Import-Based Estimates 
 
An estimated 5.5 million African slaves arrived in Brazil out of 12.5 million that came to 
the Americas, or 44 percent of the total trans-Atlantic trade (Trans-Atlantic Slave Trade 
Database).  Scholars disagree on the exact numbers, but there is no doubt that Brazil was the 
largest importer of African slaves in the Americas – Appendix I contains an overview of 
statistics on the African slave trade to Brazil.  The slave trade made the settlement of Brazil 
possible; in turn, the African population in the settlements evolved according to the volume of 
slave imports, net of mortality, flight, and emigration.  Slave imports may therefore be used to 
project the African/Mulatto population and thereby gauge the population data from Chapter Two. 
 
 i.) Sixteenth Century 
 
During the 16th century, Goulart (1975) documents slave exports to Brazil in one 
instance, but the bulk of his evidence (and others who have adopted his figures, such as Curtin, 
1969) is similar to that already analyzed, for instance the population estimates of Gândavo 
(1570), and Anchieta, Cardim, and Soares (ca. 1585).  The first African slaves were brought to 
Brazil between 1516 and 1526, perhaps by Pero Capico, who owned sugar plantations on the 
Atlantic islands, or Martim Afonso; both intended to establish engenhos in Brazil.  Although 
donatory captains Duarte Coelho and Pero de Goís solicited at least 60 slaves each in 1545, there 
is no evidence of large numbers of African slaves in Brazil before 1550.  Goulart claims that 
“Only Fray Gaspar da Madre de Deus, in that period [c. 1545], expressly refers to Africans 
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working on the sugar plantations,” (p. 98).1  Other documents indicate that there may have been 
400-500 Africans in Ilhéus and Sao Vicente in 1545.2 
In 1550, some African slaves arrived in Salvador.3  In 1551, Nóbrega petitioned “some 
blacks of Guinea” for the Jesuit school in Bahia.  Only in 1559 was it accorded that each senhor 
de engenho be allowed to import up to 120 Congo slaves.  All of the above is consistent with the 
African population suggested by Gandavo for 1570 (2-3 thousand), and Cardim (5-6 thousand) 
and Soares (8-9 thousand) for about 1585.  However, Goulart rejects Anchieta’s total of 13 
thousand; in particular, the estimate of 10,000 Africans in Pernambuco because, he explains, this 
would be far too many laborers for 66 engenhos.4 
There is only one document cited by Goulart regarding the volume of the sixteenth-
century slave trade to Brazil (other than that condoning import of 120 slaves per engenho): the 
“Relatório” of Domingos de Abreu e Brito to Felipe II, which claims that from 1575 to 1591, 
52,053 peças of slaves left Angola.  Goulart admonishes that a peça not be interpreted as a 
person but as a standard-of-account.  He explains that a peça de Ìndias is “A healthy black, 
apparently of 30 to 35 years, of 7-quarters of height,” (p. 102).  ‘Seven-quarters’ of height is 
ambiguous enough, but Goulart suggests that, depending on one’s interpretation, it could be 1.75, 
1.82, or even 1.925 meters.  Curtin adds that for Spanish America, contracts were also written in 
piezas de India, or prime male slaves.  The number of slaves shipped would always exceed the 
number of peças, with the very old, young, or unhealthy perhaps counting for only half a peça. 
                                                 
1
 Memorias para a Capitania de S. Vicente, p. 168. 
 
2
 As Gavetas da Torre do Tombo (Lisbon, 1962, II, 583), and Paulo Meréa, Historia da Colonia 
Portuguesa (III, 181). 
 
3
 Tratado Descritivo do Brasil, RIHG, XIX, p. 115. 
 
4
 Both Anchieta and Cardim give estimates of 66 engenhos in Pernambuco at this time. 
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Goulart also questions whether these slaves were really destined for Brazil.  It may have 
been the case that only a fifth of the slaves would end their travels in Brazil, but were so 
recorded in order to cut the tax liability in half.1  In the introduction to the Relatório, it is stated 
that the embarked slaves really destined to both Brazil and Spanish America.  Thus, even if 
80,000 slaves embarked, only a fraction was directed to Brazil.  This is consistent with Goulart’s 
conclusion that the African population may have been 2-3 thousand in 1570, 9-10 thousand in 
1590, and perhaps 12-15 thousand in 1600. 
The Trans-Atlantic Slave Trade Database contains records of the arrival of only four 
slave shipments to Brazil during the sixteenth century, spanning from 1574 to 1582, with an 
estimated total of 581 slaves.  There is one observation for Bahia and three for Pernambuco, 
probably just a few of many such shipments during this period. 
Given the evidence above, with all its limitations, one may conclude that slave imports 
into Brazil began as early as 1516 and, until 1545, consisted of small contingents of slaves 
brought as property from Europe or the Atlantic islands.  By this standard, the purported 400 or 
500 African slaves in São Vicente and Ilhéus is possible.  From 1545 to 1569, there are multiple 
documented requests for slaves but no records of shipments, opening the possibility of perhaps a 
hundred African slaves imported a year, or more.  This does not contradict Gândavo, who says 
that there were two to three thousand African slaves on the engenhos of Brazil in 1570. 
Recall that in 1569, it was accorded that each engenho owner could import up to “120 
Congo slaves.”  Given the 62 engenhos counted by Gândavo, a reasonable benchmark for slave 
imports during the following decade would be 7,440 slaves.  Based on the Relatório, and the 
following discussion, 52,053 peças de escravos might correspond to 80,000 slaves, one-fifth of 
                                                 
1
 The tax on a peça destined for Brazil was three thousand reís compared to six thousand reís for all other 
areas of the Americas (Goulart, 1975). 
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which, or 16,000, may have been destined for Brazil.  This may be a reasonable figure for the 
1575-1591 period and is consistent with the import of up to 120 slaves per plantation given that 
there were 62 plantations in 1570 and 131 by 1585. 
During the last decade of the sixteenth century, the pace of African slave imports would 
not have slowed, as the number of plantations continued to grow and the indigenous population 
continued its decline.  Therefore, at least an additional 10,000 slaves would have been imported 
by 1600.  In sum, the volume of the African slave trade to Brazil was roughly 1,000 up to 1545, 
2,000 between 1545 and 1570, 16,000 from 1570 to 1590, and at least 10,000 from 1590 to 1600 
– a total of 29 thousand.  This is close to the estimate from the Trans-Atlantic Slave Trade 
Database of 32 thousand, but well below the 50,000 adopted by Curtin (1969) and Eltis (2001). 
 
 ii.) Seventeenth Century 
 
The established trading history of the Portuguese on the west coast of Africa made them 
well-positioned to service the need for slaves of the new American colonies during the sixteenth 
century.  In the next century, the French, British, and Dutch had also established an African 
presence and ended the Portuguese slave-trading monopoly (Klein, 2010).  The Dutch would 
seriously disrupt Portuguese operations when they captured the Elmina trading post in 1637 and 
those in Angola in the 1640s. 
There are many more recorded slave voyages during the seventeenth century, but only a 
fraction of those that must have disembarked slaves in Brazil.  There were many illicit voyages 
and the records of the royal trading companies are not all preserved.  Also, there is uncertainty 
regarding the slaving activities of the Dutch during their thirty-year occupation of Pernambuco.  
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For the seventeenth century, there are only two recorded voyages to Amazonia, 17 to Bahia, 123 
to Pernambuco, and four to Southeast Brazil.  These 146 voyages occurred in 37 different years 
(it is unknown whether there were shipments in other years and, if so, how many).  The records 
are unbalanced over time (2 voyages for the first quarter-century, 122 in the second, 6 in the 
third, and 16 in the fourth). 
Although the Trans-Atlantic Slave Trade Database does provide annual estimates of 
African slave imports based on inferred data coverage, I will take an uninformed approach and 
create new time-series estimates of annual imports using only recorded voyages and their 
estimated cargoes: I will use the volume of recorded slave imports in available periods to 
average slave imports for years with no recorded voyages.  This will ignore valuable contextual 
information, but the lack of inference is probably a virtue given our ignorance of the Brazilian 
trade and the number of assumptions involved. 
Specifically, an exponential smoothing mechanism will be applied to the annual slave 
import totals across recorded voyages.  This provides figures for up to one-half of the years from 
1574 to 1856, the last year slaves were brought to Brazil.1  The sum of the estimated annual slave 
imports after the exponential smoothing is still well below the volume believed to have been 
brought to Brazil (2.14 million out of the 3.5-5.5 million accepted in the literature).  The 
recorded slave trade to Brazil may have been only half the total trade (Goulart, 1975), an 
assumption that roughly yields the consensus estimate of the total traffic.  As a hypothetical 
exercise, suppose that the recorded slave voyages to Brazil in a given year were half the number 
of actual voyages. 
                                                 
1
 The exponential smoothing mechanism provides a much closer fit to the data than a simple moving 
average with five or more lags.  The initial values used are the average of the first two observations. 
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The documented slave imports, annual coverage, estimated imports by quarter-century, 
and estimated African population in the last year of each period are shown in Table XII.  The 
“import estimates” in the second-to-last column are twice what the smoothed data suggests from 
the recorded slave disembarkation data alone.  The “estimate” of the African population in the 
last column is based on my slave import estimates and an assumed negative five percent growth 
rate for the sixteenth century and negative four percent for the seventeenth century (Goulart, 
1975).  The initial African population to which the imports are added is based on the recorded 
population of 1585 for Pernambuco and Bahia, and 1675 for Southeast Brazil.1 
 
Table XII. Slave Imports and African Population of Brazil in 17th Century† 
Period Region 
Slaves on 
Registered 
Vessels 
# Years 
Observed 
(/25) 
“Estimated 
Slave 
Imports” 
“Estimated 
African 
Population” 
1600 -1624 Bahia 105 1 6,922 6,159 Pernambuco 287 1 10,837 9,113 
1625 - 1649 Bahia 2,660 3 15,838 13,491 Pernambuco 26,024 15 57,805 47,356 
1650 - 1674 Bahia 712 2 33,325 25,381 Pernambuco 1,340 3 41,007 43,693 
1675 - 1699 
Amazonia 242 2 1,703 1,586 
Bahia 2,504 6 21,397 22,503 
Pernambuco 566 2 40,753 41,185 
SE Brazil 893 2 4,237 5,946 
 Total 35,333 37 233,824  
†The recorded slave voyages, imputed number of slaves disembarked, and # years observed reference data from the 
Trans-Atlantic Slave Trade Database (August 2010).  The estimates are the author’s calculations. 
 
The hypothetical African population in each region at the end of each quarter century 
requires some rather loose assumptions about the mortality rate.  Slave mortality was not 
constant over the course of the slave traffic.  Furthermore, the African population did not consist 
exclusively of slaves.  Free peoples had a much higher life expectancy than slaves, of course, 
being distanced from the abuses of slavery; also, the free population had larger numbers of 
women.  For the sixteenth and seventeenth centuries, however, the African population was 
                                                 
1
 See Chapter Two.  Note that the African population of Amazonia was near-zero until about 1675. 
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mostly slave and experienced high mortality in both the sugar and mining sectors (Klein and 
Vidal Luna, 2010). 
Contemporary estimates of the working life of a slave in the mines range from seven to 
twelve years (Russell-Wood, 1987) and the mortality rate on a sugarcane plantation was 
estimated by planters at five to ten percent a year (Schwartz, 1987).  Slaves’ lives were 
“unnaturally short” Conrad (1986) writes, describing the harshness of the voyage, exposure to 
sickness, depravation, hard labor, and punishment.  He cites a British report from 1843 that says 
that, in the best case, mortality in the first year of arrival was at least eight percent, and six 
percent the following year – potentially double in worse conditions. 
An impediment to the ability of the slave population to maintain its size through natural 
reproduction was the high male-to-female ratio.  For instance, in Minas Gerais in 1786 the ratio 
of males-to-females among “Blacks” (Negros) was 2.25 to 1.  Among “Browns” (Pardos), many 
of whom were free, this ratio ranged from 0.94 to 1.  According to Goulart, “For the fixation of a 
rate of survival of people of color based on servile regime, beyond that, one must add yet another 
difficulty: many slaves would pass to be free, diminishing, without being for death, the number 
of slaves,” (p. 159).  Manumission was particularly common in Minas Gerais, where slaves could 
buy their freedom using excess production (Klein and Vidal Luna, 2010). 
The manumitted population would likely have positive natural rates of increase, but they 
were a very small fraction of society during the sixteenth and seventeenth century.  By 1872, 
slaves were just 26% of the African/Mulatto population in Brazil but their life expectancy was 
still only 18 years compared to 27 years for the total population (Merrick and Graham, 1979).  
During the sixteenth century, when almost all Africans were slaves, a conservative rate of natural 
increase of the African population would be around negative 5%.  In the seventeenth century, 
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conditions may have marginally improved to say, negative 4%.  In the eighteenth century, 
manumission was common and, between the free and slave African/Mulatto population labeled 
here as “Africans,” the rate of decline might be negative 2%.  In the nineteenth century, Merrick 
and Graham (1979) estimate a rate of growth of near-zero.  After abolition in 1888, the 
population likely increased at the same growth rate as the free population, positive 2%. 
The initial population values for the estimation were taken from those offered in the 
previous chapter – 100 Africans in Amazonas ca. 1675; 3,665 in Bahia ca. 1585; 5,665 in 
Pernambuco ca. 1585; and, 2,500 in Southeast Brazil ca. 1675.  The slave trade to Amazonas 
was really non-existent before 1675 and that of Southeast Brazil would not rapidly expand until 
the discovery of gold in the interior two decades later. 
This is not the best estimate of the African population, but a feasible one that can be 
compared with the recorded population during the pre- and proto-statistical periods of Brazilian 
history.  There is simply not enough information about the rate of natural increase (decrease) of 
the African population for its early history.  According to Goulart (1975), “Take as absolute the 
indices of d’Alincourt [positive growth of slave population in Mato Grosso] as a basis to 
evaluate the African traffic to Brazil, and the formula to be put in equation will be fascinating, 
but, only, as a deceitful intellectual elocution; the results that will be reached will be absurd,” (p. 
158-9).  Although Goulart would not encourage speculation, he finds a range of -1% to -4% 
growth most likely. 
Looking at Table XII, column five, my total estimated slave imports in each quarter-
century are as follows: 17,759 from 1600-1624, 73,643 from 1625-1649, 74,333 from 1650-
1674, and 68,090 from 1675 to 1699.  This is based on the assumption that only half of actual 
voyages were registered.  The estimates from the Trans-Atlantic Slave Trade Database, which 
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rely on presumed data coverage by historical period from indirect evidence, are as follows: 
174,343 from 1600-1624, 195,538 from 1625-1649, 235,458 from 1650-1674, and 282,520 from 
1675-1699.  The later estimates are more accurate because they are based upon additional 
evidence; however, the difference between the two sets of estimates reveals how slave imports 
deviated from trend during each historical period. 
The estimated slave trade based on ½ coverage yields estimates that are 100 to 200 
thousand slaves lower than those presented in the Trans-Atlantic Slave Trade Database.  One the 
one hand, this indicates that during early periods the recorded slave voyages are less than one-
half of those that occurred.  For the first quarter-century, the slave voyages in the database may 
only represent 5% of actual ones, and no more than 20% for the rest of the century.  Therefore, 
the registered slave voyages are not very suggestive and one must rely on indirect archival 
evidence to estimate the volume of the traffic at this time. 
Goulart (1975) presents perhaps the best discussion of contemporary documents and the 
estimated annual volume of the slave trade by region, which will not be re-visited here.  As for 
the sixteenth century, the conclusions Goulart and others reached are only tentative.  Goulart’s 
estimate of the slave trade to Brazil during the first half of the sixteenth century is 4,000 slaves a 
year, with slightly more going to Pernambuco than Bahia, a total of around 200,000.  During the 
second half of the century, he puts annual imports at 6-7,000 slaves a year, a total of 300-
350,000.  This was essentially traffic to Pernambuco and Bahia, with only a few hundred slaves a 
year destined for Pará, Maranhão, and Rio de Janeiro in the last quarter-century. 
Compare Goulart’s total of 550,000 slaves imported to Brazil during the sixteenth 
century with the total of about 890,000 from the Trans-Atlantic Slave Trade Database, and only 
235,000 based on my hypothetical estimates in Table XII.  The numbers one attains are very 
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sensitive to one’s assumptions because data is so scarce for this time period.  Given the range of 
235 to 890 thousand imported slaves, how do the African population figures for this period 
compare?  There is actually only one figure for the African population of any of the four regions: 
25,000 in Bahia ca. 1675.  This is very close to my estimate of 25,381 using slave imports. 
In sum, my slave import and African population estimates for the first quarter of the 
seventeenth century are too low.  They were based on the premise that half of the slave 
shipments to Brazil were recorded, which is probably incorrect given the low number of ships 
registered per year.  The estimates of Goulart and the Trans-Atlantic Slave Trade Database may 
be closer to the truth, but it is difficult to say.  For present purposes, it is preferable to consider 
the population with respect to a hypothetical benchmark and avoid selection bias.  The African 
population is unknown in almost all captaincies, but it is consistent with the slave import data for 
Bahia; elsewhere, the estimated slave imports are suggestive. 
 
 iii.) Eighteenth Century 
 
The same source of slave voyage and disembarkation data, and methodology to estimate 
annual imports and the benchmark African/Mulatto population will be used for the remaining 
two centuries of the slave trade.  The volume of forced human migration expanded, and so did 
the available documentation.  There are recorded voyages for over half of all region-years 
(222/400), a total of 1,755 voyages.  There is notably good coverage of the second half of the 
century (1,269 voyages), but poor coverage of the first half (486 voyages).  Bahia has the most 
complete coverage of the four regions, with a recorded 1,083 slave voyages, compared with 313, 
184, and 175 voyages for Amazonia, Pernambuco, and Southeast Brazil.  The summary statistics 
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from the Trans-Atlantic Slave Trade Database, plus the potential slave imports total and 
hypothetical African population are presented in Table XIII. 
 
Table XIII. Slave Imports and African Population of Brazil in 18th Century† 
Period Region 
Slaves on 
Registered 
Vessels 
# Years 
Observed 
“Estimated 
Slave 
Imports” 
“Estimated 
African 
Population” 
1700 – 1724 
Amazonia 457 4 5,991 5,685 
Bahia 20,362 13 27,728 36,594 
Pernambuco 5,360 4 17,636 39,443 
SE Brazil 4,181 11 13,476 14,891 
1725 – 1749 
Amazonia 168 3 5,234 7,520 
Bahia 129,351 25 240,159 217,868 
Pernambuco 1,489 6 31,564 46,791 
SE Brazil 1,538 5 14,912 20,608 
1750 – 1774 
Amazonia 21,624 22 34,414 33,997 
Bahia 75,950 21 196,278 280,342 
Pernambuco 37,701 20 74,182 91,572 
SE Brazil 6,776 13 21,946 30,294 
1775 – 1799 
Amazonia 36,856 25 69,596 76,470 
Bahia 124,503 22 256,737 374,898 
Pernambuco 18,658 15 55,464 96,111 
SE Brazil 43,796 13 72,874 87,602 
 Total 528,770 222 1,138,191 n/a 
†The recorded slave voyages, imputed number of slaves disembarked, and # years observed reference data from 
the Trans-Atlantic Slave Trade Database (August 2010).  The estimates are the author’s calculations. 
 
Based on my estimates, 64,831 slaves were imported from 1700-1724, 291,869 from 
1725-1749, 326,821 from 1750-1774, and 454,671 from 1775-1799.  This compares with the 
Trans-Atlantic Slave Trade Database figures of 474,432 from 1700-1724, 530,418 from 1725-
1749, 528,578 from 1750-1774, and 655,395 from 1775-1799.  The slave imports I estimate – 
which suppose that half of voyages were recorded – are lower than those of the Trans-Atlantic 
Slave Trade Database, particularly for the 1st quarter-century.  This reflects the degree of 
inference that had to be made early in the colonial period due to the lack of documentation.1 
How does the hypothetical African population compare with actual figures on the African 
population of the captaincies at the time?  In 1725, the literature suggests that there were 
                                                 
1
 The recorded slave voyages were only one-fourteenth of those supposed to have occurred from 1700-
1724, and one-half to one-fourth as many over the three subsequent quarter-centuries. 
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approximately 1,500 Africans (or Mulattos) in Maranhão, 1,500 in Pará, 2,600 in Mato Grosso, 
and 30,000 in Minas Gerais.  Pará and Maranhão are both in the region of Amazonia; Mato 
Grosso and Minas Gerais are in the center-west and their slaves mostly came from Bahia.  From 
Table XIII, the estimated African population in 1725 in Amazonia is 5,685, and in Bahia, 
36,594.  The sum of the African populations of Pará and Maranhão of 3,000 is just over half of 
the estimated population.  The sum of these populations in Mato Grosso and Minas Gerais is 
32,600, only 400 people below the estimate.  The population of these regions is consistent with 
the slave-import volume.  Table XIV compares the available population figures for 1775 from 
the previous chapter with the hypothetical African population I propose above in Table XIII. 
 
Table XIV. Comparison of 1775 Census  
with Estimated African Population 
Captaincy 
‘African’ 
Population in 
Census 
‘African’ 
Population from 
Imports 
Census/ 
Estimate 
Pará-Rio Negro 24,873 
 
33,997 
(25,021) 
 
1.7 
(2.3) 
Maranhão 32,048 
Total Amazonia 56,921 
Bahia 216,636 
 
 
280,342 
(365,713) 
 
 
1.7 
(1.3) 
Minas Gerais 243,105 
Mato Grosso 16,857 
Total Bahia 476,598 
São Paulo 51,001 30,294 
(329,955) 
1.7 
(0.2) Total SE Brazil 51,001 
Total 584,520 344,633 (720,689) 
1.7 
(0.8) 
 
The last two columns show my import-based population estimates and the ratio of the 
total census African population to my benchmark, respectively.  In parentheses, I show the ratio 
of the census data to the import-based population using the Trans-Atlantic Slave Trade 
Database’s import estimates instead of mine, calculated using the same methodology. 
The hypothetical African population based on the slave import approximations and 
reasonable mortality rates is not irreconcilable with the recorded African population in the 
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census.  The numbers calculated here tend to under-estimate the size of the African population 
compared to the Trans-Atlantic Slave Trade Database, suggesting that slave imports were higher, 
mortality was lower, and/or internal migration was more prevalent than previously thought.  
Given the potentially high margin of error, this confirms that the census figures are feasible but 
not necessarily accurate.  The same exercise is conducted for the African population at the end of 
the seventeenth century – the results are shown in Table XV. 
 
Table XV. Comparison of 1800 Census with Estimated African Population† 
Region of 
Importation State Supplied 
Census 
‘African’ 
Population* 
‘Slave Trade’ 
Population 
Estimate 
Census/ 
Estimate 
Amazonia 
Pará 42,320 
 
 
76,470 
(54,557) 
 
 
1.6 
(2.3) 
Maranhão 49,918 
Piauí 32,193 
Total 124,431 
Pernambuco 
Rio Grande do N. 35,461 
 
 
96,111 
(160,247) 
 
 
3.4 
(2.0) 
Paraíba 24,749 
Pernambuco 267,334 
Total 327,544 
Bahia 
Bahia 282,517 
 
 
 
374,898 
(419,576) 
 
 
 
1.9 
(1.7) 
Mato Grosso 21,576 
Goiás 45,668 
Minas Gerais 369,090 
Total 718,851 
Southeast 
Brazil 
Espírito Santo 36,423 
 
 
 
 
 
87,602 
(444,760) 
 
 
 
 
 
3.6 
(0.7) 
Rio de Janeiro 147,621 
São Paulo 85,611 
Paraná 16,600 
Santa Catarina 7,854 
Rio Grande do S. 17,601 
Total 311,710 
All Grand Total 1,482,536 635,081 (1,079,140) 
2.3 
(1.4) 
†Source: The census figures were compiled from Alden (1987), “Late Colonial Brazil, 1750-1808,” The 
Cambridge History of Latin America and Klein and Vidal Luna (2010), Slavery in Brazil; The estimates in the 
adjacent column were calculated by the author based on slave voyage records from the Trans-Atlantic Slave Trade 
Database (www.slavevoyages.org) accessed August, 2010; The estimates in parentheses were calculated by the 
author based on the slave import estimates also from this source. 
*The numbers in italics represent one-half of the total population in each state at that time.  This is used as an 
approximation of the size of the African population to avoid underestimation of the regional totals. 
 
Both my estimates and those derived from the Trans-Atlantic Slave Trade Database 
continue to underestimate the size of the African population – this is probably because the 
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mortality rate assumed for the century of negative two percent is too low.  Although this is a 
conservative estimate for the slave population, it must be incorrect for the African and Mulatto, 
slave and free, population as a whole.  If the slave import estimates are reasonable, then one must 
conclude that the natural rate of growth of the African/Mulatto population in eighteenth-century 
Brazil was positive.  In fact, to obtain the population figures shown in the census, this group 
would have had to grow at annual rates of 2-3%.  Such growth has been entertained among free 
Africans or Mulattos, but never for the free and slave population so early in Brazil’s history. 
An issue emerges for the African population derived from the Trans-Atlantic Slave Trade 
Database’s estimates for Southeast Brazil.  Based on the slave import records, the hypothesized 
‘African’ population of this region is overestimated with respect to that published in the census.  
This inconsistency is a result of changes in the distribution network of African slaves at the end 
of the eighteenth century.  Slaves sent to the mining provinces were increasingly sourced through 
Rio de Janeiro, not Bahia.  If the ‘African’ population of Minas Gerais is included in the region 
“Southeast Brazil” in Table XV, this smoothes out the discrepancy, but then the ‘African’ 
population of the region “Bahia” is overestimated, creating a new distortion.  I conclude that 
many slaves in the mining region were sourced through Bahia and Rio de Janeiro, with the latter 
port growing in influence toward the nineteenth century.  With adjustments, the estimated Afro-
Brazilian population based on slave import records is close to that recorded in the 1800 census. 
 
 iv.) Nineteenth Century 
 
The volume of the slave trade continued to increase during the nineteenth century and 
surpassed that of the eighteenth century, even though a negligible number of slaves were 
imported into Brazil after 1850.  There are observations for 178 out of 224 possible region-years 
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based on 3,452 recorded slave voyages.  The voyages were distributed as follows: 121 to 
Amazonia, 804 to Bahia, 248 to Pernambuco, and 2,279 to Southeast Brazil.  The voyages are 
evenly split between the 1800-1824 and 1825-1849 period, with only 76 recorded voyages after 
1850 (when the international trade was embargoed).  Table XVI summarizes the data by region 
and presents my slave import and African/Mulatto population estimates as in previous sections. 
 
Table XVI. Slave Imports and African Population of Brazil in 19th Century† 
Period Region 
Slaves on 
Registered 
Vessels 
# Years 
Observed 
“Estimated 
Slave 
Imports” 
“Estimated 
African 
Population” 
1800 – 1824 
Amazonia 28,555 23 64,369 140,839 
Bahia 136,215 25 282,020 656,918 
Pernambuco 30,791 17 59,497 155,608 
SE Brazil 408,899 25 783,978 871,580 
1825 – 1849 
Amazonia 8,243 12 41,974 182,814 
Bahia 105,009 25 191,489 848,407 
Pernambuco 45,052 20 111,123 266,731 
SE Brazil 541,027 24 1,113,127 1,984,706 
1850 – 1875 
Amazonia 0 0 9,103 320,008˚ 
Bahia 10,171 2 88,455 1,557,139˚ 
Pernambuco 1,350 1 10,748 462,721˚ 
SE Brazil 23,259 4 137,069 3,543,403˚ 
 Total 1,338,571 178 2,892,952 n/a 
†The recorded slave voyages, imputed number of slaves disembarked, and # years observed are based on the 
Trans-Atlantic Slave Trade Database (accessed August 2010).  The estimates are the author’s calculations. 
˚After the slave trade to Brazil ended (the last recorded voyage was in 1856; slavery was not abolished until 
1888), the African population is assumed to have continued growing at the national average of positive 2%. 
 
The estimated volume of slave imports from 1800-1824 is 1,189,864 people; 1,457,713 
from 1825-1849; and, 245,375 after 1850.  Two-thirds of the total traffic over four centuries 
occurred during the last sixty years of the trade.  The alternative estimates from the Trans-
Atlantic Slave Trade Database are as follows: 1,075,226 from 1800-1824, 1,237,929 from 1825-
1849, and 46,484 after 1850.  This is only two-fifths of the total traffic given the higher total of 
5.4 million adopted by the Database. 
My estimated imports are quite close to those suggested by the Emory Database for the 
nineteenth century, with the exception of the trade after 1850 (10% higher for first quarter-
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century, 18% higher in second quarter-century, but 4 times higher post-1850).  The numbers now 
indicate that perhaps over 50% of voyages were recorded.  For the trade after 1850, the annual 
slave imports calculated here greatly overestimate those in the Database because the figures are 
not adjusted for any policy change, just the recorded voyages, their slaves, and an exponential 
process; on average, my estimated annual slave imports are about 20% higher. 
For the nineteenth century, there are more data.  Headcounts are available by race and 
state for the periods around 1825, 1850, and 1875.  Tables XVII, XVIII, and XIX present the 
African and Mulatto (“African”) population of each state by the port-of-origin of its slaves.  
 
Table XVII. Comparison of 1825 Census 
with Estimated African Population† 
Region of 
Importation State Supplied 
Census 
‘African’ 
Population* 
‘Slave Trade’ 
Population 
Estimate 
Census/ 
Estimate 
Pernambuco 
Rio Grande do N. 49,789 
 
 
 
 
155,608 
(351,776) 
 
 
 
 
2.6 
(1.2) 
Paraíba 73,794 
Pernambuco 174,233 
Alagoas 55,987 
Sergipe 57,498 
Total 411,301 
Bahia 
Bahia 238,956 
 
 
 
656,918 
(701,619) 
 
 
 
1.0 
(0.9) 
Mato Grosso 25,654 
Goiás 55,742 
Minas Gerais 315,943 
Total 636,295 
Southeast 
Brazil 
Espírito Santo 15,832 
 
 
 
 
 
871,580 
(1,002,251) 
 
 
 
 
 
0.6 
(0.5) 
Rio de Janeiro 288,604 
São Paulo 116,574 
Paraná 18,910 
Santa Catarina 13,871 
Rio Grande do S. 26,010 
Total 479,801 
 Grand Total 1,527,397 1,684,106 (2,055,646) 
0.9 
(0.7) 
†Source: The census figures were published in Klein and Vidal Luna (2010), Slavery in Brazil; The estimates in 
the adjacent column were calculated by the author based on slave voyage records from the Trans-Atlantic Slave 
Trade Database (www.slavevoyages.org) accessed August, 2010; The estimates in parentheses were calculated by 
the author based on the slave import estimates also from this source. 
*The numbers in italics represent one-half of the total population in each state at that time.  This is used as an 
approximation of the size of the African population to avoid underestimating the regional totals. 
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Looking in the right-hand column of Table XVII, one sees that for Bahia, the actual and 
estimated “African” populations are equal (their ratio is 1:1); however, the population in the 
Pernambuco region is underestimated while the population in Southeast Brazil is overestimated.  
This is a result of two forces: internal migration and contraband trade to Spanish America.  
Looking at the average across all of Brazil, the effects of intranational migration are removed – 
the ratio of the census data to my estimated population is 0.9, meaning higher estimated numbers 
of slaves than those actually observed.  It is notable that my guess of half of slave voyages being 
recorded results in an estimated African population that is actually closer to the census 
population for Brazil during this century that that suggested by the Slave Trade Database.  For 
1850, there is incomplete census data for the regions of Bahia and Amazonia, so they will be 
excluded from the analysis shown below in Table XVIII. 
 
Table XVIII. Comparison of 1850 Census 
with Estimated African Population† 
Region of 
Importation State Supplied 
Census 
‘African’ 
Population* 
‘Slave Trade’ 
Population 
Estimate 
Census/ 
Estimate 
Pernambuco 
Rio Grande do N. 94,130 
 
 
 
 
266,731 
(465,902) 
 
 
 
 
2.4 
(1.4) 
Paraíba 106,233 
Pernambuco 195,271 
Alagoas 144,366 
Sergipe 92,716 
Total 632,716 
Southeast 
Brazil 
Espírito Santo 11,726 
 
 
 
 
 
1,984,706 
(1,975,021) 
 
 
 
 
 
0.3 
(0.3) 
Rio de Janeiro 390,183 
São Paulo 153,198 
Paraná 23,219 
Santa Catarina 17,894 
Rio Grande do S. 74,682 
Total 670,902 
 Grand Total 1,303,618 2,251,437 (2,440,923) 
0.6 
(0.5) 
†Source: The census figures were published in Klein and Vidal Luna (2010), Slavery in Brazil; The estimates in 
the adjacent column were calculated by the author based on slave voyage records from the Trans-Atlantic Slave 
Trade Database (www.slavevoyages.org) accessed August, 2010; The estimates in parentheses were calculated by 
the author based on the slave import estimates also from this source. 
*The numbers in italics represent one-half of the total population in each state at that time.  This is used as an 
approximation of the size of the African population to avoid underestimation of the regional totals. 
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For the regions of Pernambuco and Southeast Brazil (Table XVIII), my import-based 
estimates underestimate the population of Pernambuco but overestimate the population of 
Southeast Brazil.  I conclude that the trade to the interior and northern states was increasingly 
intra-national, stemming from Rio de Janeiro in Southeast Brazil.  There is some evidence in 
support of this: Klein (2010) explains that, whereas the mining states first sourced slaves through 
Bahia, after 1800 slaves were mainly sourced from Rio de Janeiro. 
 
Table XIX. Comparison of 1875 Census 
with Estimated African Population† 
Region of 
Importation State Supplied 
Census 
‘African’ 
Population 
‘Slave Trade’ 
Population 
Estimate 
Census/ 
Estimate 
Amazonia 
Amazonas 9,571 
 
 
 
 
320,008 
(221,609) 
 
 
 
 
2.9 
(4.2) 
Pará 138,014 
Maranhão 244,584 
Piauí 145,322 
Ceará 400,013 
Total 937,504 
Pernambuco 
Rio Grande do N. 120,475 
 
 
 
 
462,721 
(765,066) 
 
 
 
 
2.7 
(1.6) 
Paraíba 221,938 
Pernambuco 538,575 
Alagoas 252,847 
Sergipe 123,378 
Total 1,257,213 
Bahia 
Bahia 998,255 
 
 
 
1,557,139 
(1,469,918) 
 
 
 
1.5 
(1.6) 
Mato Grosso 34,656 
Goiás 114,216 
Minas Gerais 1,176,426 
Total 2,323,553 
Southeast 
Brazil 
Espírito Santo 50,026 
 
 
 
 
 
3,543,403 
(3,251,739) 
 
 
 
 
 
0.3 
(0.3) 
Rio de Janeiro 471,597 
São Paulo 364,457 
Paraná 47,937 
Santa Catarina 30,968 
Rio Grande do S. 150,729 
Total 1,115,714 
All Grand Total 5,633,984 5,883,271 (5,708,332) 
1.0 
(1.0) 
†Source: The census figures were published in Klein and Vidal Luna (2010), Slavery in Brazil; The estimates in 
the adjacent column were calculated by the author based on slave voyage records from the Trans-Atlantic Slave 
Trade Database (www.slavevoyages.org) accessed August, 2010; The estimates in parentheses were calculated by 
the author based on the slave import estimates also from this source. 
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The population data shown in Table XIX for the final phase of Brazilian slavery are, in 
sum, quite close to my slave-import-based estimates; in fact, the national estimate is equal to the 
population recorded in the 1872 census.  Across regions, the estimates do not fare well: slave 
imports to Southeast Brazil were eventually distributed throughout all states by a process of 
internal migration after the British embargo of the Brazilian slave trade in 1850 (Bethell, 1970). 
One may criticize this analysis because of its failure to account for internal migration and 
the assumptions used to calculate slave imports and the benchmark African population.  This 
opens up a new possibility, however: by combining the census and slave import data, one may 
use maximum likelihood estimation to calculate the natural rate of increase of the African and 
Mulatto, free and slave, population in Brazil by quarter-century.  I believe this has never been 
done and would add to existing knowledge of slave mortality for the seventeenth and eighteenth 
centuries.  The specifics will be left for future work, but the data presented above indicate that 
the African/Mulatto population growth rates should be revised upwards for the eighteenth and, 
possibly, seventeenth centuries. 
In conclusion, the analyses in Tables XV, XVII, XVIII, and XIX imply a much higher 
natural rate of increase of the African/Mulatto population than previously thought.  Furthermore, 
the evidence indicates that a large number of people of African descent emigrated from the 
southeast to other parts of Brazil.  The import data for Southeast Brazil does, therefore, not 
support the population estimates provided in the census.  For the other three captaincies, if one 
accepts positive natural rates of increase, albeit in contradiction with some historical sources, 
then the import-based estimates are close to the census figures. 
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IV. Conclusion 
 
The population statistics suggested by early missionaries and chroniclers, those compiled 
by local and regional governments, and those provided in national censuses are of uneven 
quality.  I have evaluated the accuracy of these figures over time, particularly those for the 
population of African descent, using output by sector and estimated slave imports.  The output of 
the three dominant export sectors – sugar, gold, and coffee – were reported, as well as the role of 
slaves and their productivity by sector, in order to estimate the size of the slave labor force.  A 
hypothetical African population was obtained by making straightforward assumptions about the 
rate of population decline (and increase) over the course of Brazil’s history.  This evidence was 
compared with the population data from chapter one to judge its reliability. 
The results fail to disqualify any of the population data for Brazil, but the margin of error 
for this data is rather large, about +/- 20% for earlier periods.  Nonetheless, this exercise permits 
new inferences about the size of the African and Mulatto population for periods in which it is 
unrecorded.  The estimates produced here may contribute to more complete time-series of the 
population history of Brazil and its racial composition.  In the process of comparing the observed 
African population to the slave-import-based estimates, some surprising trends were discovered: 
1.) the African and Mulatto population may have had robust positive rates of natural increase a 
century earlier than previously thought, and 2.) internal migration and the contraband trade in 
African slaves were greater than expected. 
The nature of the data for the early history of Brazil leaves much to be desired.  Any one 
source or approach will be of limited use in discovering the truth, but by combining multiple 
types of evidence – population statistics, slave imports, output per worker – a more complete 
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understanding of the demographic history of Brazil is possible.  Brazil was the single largest 
importer of African slaves in the Americas and it did not abolish slavery until 1888.  The 
economy was founded on slave labor, which came to be involved in almost all domestic and 
market activities.  The economic and demographic histories of Brazil are inextricable – the 
economy was, indeed, a matter of life and death. 
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Chapter Four 
The Population of Brazil in 1500: An Ecological Economics Approach 
 
I. Introduction 
 
Prior to its discovery, Brazil was not an empty wilderness – it is believed to have been 
inhabited by several million indigenous people.  The size of the initial Native population is an 
important aspect of Brazil’s history: The combined impact of war, epidemics, and enslavement is 
unknown, but given that there were only 730 thousand indigenous people there in 2000 (IBGE), 
high initial population estimates suggest a severe demographic collapse during Colonization.  
What was the population of this area before 1500 and how was it distributed?  The answer will 
inform our knowledge of the early economic organization of society and the precursors of the 
African slave trade. 
Compared to the great civilizations of the Aztec and Inca, the ‘marginal tribes’ of Brazil 
had lower population densities, atomistic polities, and simple technologies.  In their early trade 
with the Portuguese, Dutch, and French, the Natives were industrious producers of timber, but 
when settlement occurred, they were enslaved to work as servants and in food and sugar 
production.  The Natives were the primary labor force in the settlements during the first two 
centuries of colonization (Marchant, 1942).  Despite their importance to the economy, there are 
few descriptions of the size of the Native population until the 1800s. 
I provide new estimates of Brazil’s indigenous population in 1500 based on the 
sustainable carrying capacity of each group’s ecosystem and their technology.  In particular, I 
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combine predator-prey and agricultural-yield models to estimate the population in a Malthusian 
world with energy as the limiting factor.  I employ ethnohistorical, ecological, and agricultural 
data and provide high-resolution estimates of the population density of 461 Native groups.  
Given the many unknowns involved, it is infeasible to project an exact population; however, I 
suggest an overall range of 1.14 to 3.26 million people, within the bounds of existing estimates 
of the pre-Contact aboriginal population of Brazil.  Nevertheless, I show that this region could 
have potentially supported many more people depending on the adoption of agriculture; also, my 
analysis only pertains to those areas believed to have been inhabited by Native groups. 
My model of carrying capacity recognizes the tradeoff between hunting and gathering 
and settled agriculture.  Although unconventional, it is based on fundamentals of ecological 
economics.  The resulting estimates of the pre-Contact population are disaggregated at the 20 
km2-level and demonstrate how population densities varied by Native group and ecosystem.  
Forward-induction techniques may be used to explore potential demographic paths of the Native 
population and thereby obtain a clearer understanding of Brazil’s early demographic history. 
 
II. Methods of Native Pre- and Proto-Historical Demography 
 
Population change consists of births and deaths, immigration and emigration.  In more-
developed countries, the census and vital registration system records this information; however, 
missing and/or inaccurate data is common in less-developed countries.  Population data is of 
decreasing quality further back in time, which has required demographers to consult 
ecclesiastical records, wills, and fiscal documents (Hollingsworth, 1969).  One example is 
Wrigley and Schofield (1981), who analyze parish registers to track population changes in 
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England between the sixteenth and nineteenth centuries.  Unfortunately for the study of Natives, 
extensive vital records are not available and scholars have had to resort to other techniques. 
The study of Native American demography can be categorized as pre-historical (before 
recorded history, i.e. the arrival of Europeans), or proto-historical (the earliest history, i.e. 
coincident with European contact).  Estimating the number of Native Americans that inhabited 
the Americas prior to the arrival of Europeans is very difficult because most of the data sources 
listed above are unavailable.  If the Natives were literate, such as the Maya, all or most of their 
documents were destroyed by enemy groups or the conquistadors.  The Incas used quipu to count 
people and goods, but these are limited in number and difficult to interpret (Pillsbury, 2008).  
Alternatively, the observations of Europeans immediately after Conquest could be used to 
project backward in time but the greater the time horizon, the less accurate the estimates.  Most 
research on this time period has relied on archaeological evidence. 
Dobyns (1976) surveys the research on pre-historical Native populations.  Among these 
studies, Ricketson and Ricketson (1937) count house mounds to estimate population densities in 
Uaxactun, Guatemala; Termer (1951) – whose estimates were revised by Hester (1953), Sanders 
(1953), and Morley and Brainerd (1956) – does a backward projection into prehistory to estimate 
the population of the Southern and Northern Mayan Empires; Heizer (1960) makes inferences 
based on slash-and-burn horticulture to describe populations from 800-400 B.C. in Southeastern 
Mexico; Cowgill (1962) and Turner (1974) consider alternative agricultural technology in the 
Southern Maya Lowlands; Dumond (1972) (and Naroll (1962), MacNeish (1970), and Sanders 
(1972), separately), using a technique pioneered by Cook and Treganza (1950), compares the 
number of prehistoric settlements over time to form a trend for the Puebla-Tlaxcala area. 
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In more recent work, Meggers (1992) analyzes archaeological evidence, including pottery 
fragments, from the Amazon Basin to describe indigenous migration patterns and population 
densities.  Other scholarship uses paleo-epidemiological data: The Health and Nutrition in the 
Western Hemisphere database contains information on 12,520 skeletons, about a third of which 
date from before 1000 A.D. (Steckel and Rose, 2002).  McCaa (2002) uses this database to 
identify demographic trends in pre- and proto-history by looking at the age distribution of 
skeletons which, combined with other evidence, can be used to infer fertility and mortality rates, 
and life expectancy; population density estimates can then be derived from birth and death rates. 
The size of the Native population on the eve of Contact is important for our 
understanding of history, development, and identity.  Ubelaker (1992) explains that a high 
original estimate implies a particularly devastating impact of colonization; a low estimate implies 
a moderate effect.  To derive his own estimates of North American Native population size from 
1500-1970, Ubelaker relies on the population estimates for individual groups detailed in the 
Handbook of North American Natives. 
Sánchez-Albornoz (1974) describes the backward-projection methodology of Cook, 
Borah, and Simpson used to estimate the population of central Mexico: “Having been able to 
establish the population of the area in about 1565 from counts of the Indians made for fiscal 
purposes, and taking into account that several local samples suggest that there was at least a 40% 
demographic decline between 1519 and 1565,” they concluded that the population was 11 
million.  Cook and Borah reconsidered the rate at which the population fell during this period 
and revised this estimate upward to 25 million.  Sánchez-Albornoz concludes that as methods are 
refined, estimates of the indigenous population in central Mexico tend to increase. 
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A problem with using systematic records, like Cook and Borah, to estimate pre-colonial 
indigenous populations is that they may not be available until long after contact; for instance, 
parish records of baptisms, marriages, and deaths only become available at the end of the 
sixteenth century (Newson, 2006).  Ethnohistorical approaches are problematic, too, because 
some disease epidemics may have preceded Contact, making the pre-European population size 
underestimated (Ubelaker, 1992).  In both scenarios, the very early years of colonization are the 
most obscure; Dobyns argued that the estimates of Kroeber, Steward, and Rosenblat were too 
low because they underestimated the rapid and devastating impact of disease.  Dobyns’ 
estimates, the highest among the authors surveyed, assume that the indigenous population 
dropped by as much as 95% from contact to population nadir (Newson, 2006). 
The last method of estimating proto-historical indigenous populations involves 
anthropological, ecological, and biological data.  Dobyns (1976) cites two scholars that have 
applied this technique, the first to the aboriginal groups of California (Baumhoff, 1963) and the 
second to the Chipewyan population (Thompson, 1966).  Baumhoff distinguishes between the 
supportable population-densities of fishermen along different river tributaries, as well as between 
acorn gatherer-hunters in the mountains, Central Valley, and high sierra.  Information about 
caribou allowed Thompson to use tent making and ethnohistorical descriptions to calculate a 
range for the aboriginal population. 
The above estimates of the pre-Contact population of the Western Hemisphere range 
from 8.4 to 100 million people (Ubelaker, 1992).  The estimates are clearly sensitive to the 
methodology employed.  In the absence of vital or tribute records, ecological-based approaches 
are the most objective way of assessing the pre-Contact population.  I will apply a new, but 
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related, method of estimating the initial Native population of Brazil.  First, I will describe the 
indigenous inhabitants of Brazil and then summarize estimates of its pre-Columbian population. 
 
III. The Natives of Brazil 
 
The major ethnic groups of Brazil – Ge, Camacan, Guayakí, Bororo, Guató, Botocudo, 
Mashacalí, Pancararú, Pimenteira, Cariri, Patashó, Malalí, Guaitaca, Fulnio, Purí-Coroado, and 
Tapuya – are described in the first of seven volumes of the Handbook of South American Indians 
(Steward, 1946).  Each of these groups are characterized according to the following categories: 
subsistence activities, houses and villages, dress and ornaments, transportation, manufactures, 
social and political organization, warfare, life cycle, recreational activities, and religion.  This 
evidence will later be useful in motivating a model of carrying capacity. 
Among the Natives that inhabited this region, there were many commonalities: hunting 
and gathering was the main source of sustenance, complemented, in many cases, by cultivation 
of manioc, maize, beans, and sweet potatoes (Lowie, 1946).  Most groups collected honey, fruits, 
products of the palm tree, nuts, and larvae; game often included deer, jaguar, or anteaters; fish 
were also important.  There were many cultural similarities in transportation (bark boats or rafts), 
houses (round huts), dress (no clothes; hair, ear/lip plugs, body-painting), weapons (bow and 
arrow, spear), government (extreme separatism), and technology (fire drill, nets).  There was 
variation in language, moieties, marriage rituals, mythology, and recreation (games, drinking). 
It is not certain how many Natives occupied Brazil before colonization.  Ribeiro (1970) 
estimates that there were two to five million Natives in Brazil in the 1500s (in Ramos, 1994).  
Rosenblat (1954) suggests that there were one million in 1492.  Denevan, who combines 
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scholar’s estimates up to 1992, concludes that for Paraguay, Uruguay, and southern Brazil, the 
Native population was 1,055,000 and for Amazonia (including the eastern and southern flank of 
the Andes), the population was 5,664,000 in 1492 (Newson, 2006).  Steward (1946) combines 
data on the population densities of existing acculturated groups and applies those densities to 
similar areas once occupied; he arrives at a figure of 1.7 million for Brazil.  Hemming (1978) 
reevaluates some of Steward’s estimates, and raises his figure to 2.5 million. 
Although there is some debate about how many Natives occupied Brazil prior to Contact, 
the available evidence supports the idea that most of Brazil, including Amazonia, was inhabited 
with varying population densities as high as 60 people per 100 square kilometers, yielding a total 
population estimate of up to 4.0 million for the whole area.  I will not adopt the assumption of a 
continuously-inhabited region, though, but only estimate the population of those areas known to 
be currently- or previously-inhabited by un-acculturated Natives.  A benefit of this approach is 
that it does not presume anything about mortality rates; it is based on the environment. 
 
IV. Methodology 
 
The specific approach I will adopt is to calculate the carrying capacity of each Native 
group’s domain based on the population capable of being sustained by hunting, gathering, and 
swidden agriculture.  The hunting and gathering yields are based on a fundamental principle of 
ecology: energy is captured by plants and other organisms and converted into food for animals 
higher in the food chain.  The food chain maintains equilibrium through predation, with humans 
at the top – a predator-prey model.  The Natives of Brazil also practiced agriculture; the 
transition from hunting/gathering to farming was an economic phenomenon in which individuals 
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chose to optimally reallocate their time.  I will consider this dynamic by examining the choice to 
grow crops – an agricultural yields model.  The two models are combined to yield the sustainable 
carrying capacity of the Native groups of Brazil ca. 1500. 
The task of reducing the profoundly complex web of life into an intuitive model is a 
difficult one, and I have tried not to adopt an excessive degree of generalization.  Nonetheless, 
my model rests on some firmly-grounded principles, including that energy may be transformed 
but not created nor destroyed – the 1st Law of Thermodynamics – and all energy transformations 
involve a degradation of energy – the 2nd Law of Thermodynamics (Odum, 1963).  It follows that 
the potential of man on Earth is finite, a fraction of the energy captured by plants from the sun.  
The human carrying capacity will be modeled according to the outline in Figure I. 
 
 
 
This diagram is the reverse of the energy flow diagram in ecology textbooks, where 
energy synthesized from the sun after respiration, or net primary productivity, flows rightward to 
subsequently higher members of the food chain.  Here, humans are on the left and are the 
recipients of energy in two necessary forms: calories and protein.  This energy can be obtained in 
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many ways: farming, hunting, or gathering.  Two models will be presented that estimate the 
energy that may be captured by these methods: a model of the yield of four indigenous crops 
(maize, manioc, beans, and sweet potatoes) and a model of hunting and gathering, where the 
food web is organized according to three classes (primary, secondary, and tertiary consumers).  I 
will now discuss each component of the model, beginning with the notion of an equilibrium 
human carrying capacity. 
 
• Carrying Capacity 
 
Carrying capacity refers to the “number of individuals that can be supported in a given 
area,” and depends on the level of consumption and the time horizon that the population is to be 
maintained (Fearnside, 1986).  The sustainable carrying capacity can be maintained for an 
infinite horizon.  I will present a deterministic model; although, a stochastic model with a mean-
zero shock will also asymptotically converge to the same equilibrium (barring extinction). 
Suppose that the Natives of Brazil live in a Malthusian world in which population growth 
is limited by available resources.  Malthus (1798) recognized that, absent checks, human 
populations would tend to increase exponentially.  If resources are limited, however, populations 
will increase exponentially at first and then growth rates will decline and the population will 
asymptotically approach an upper limit K, the logistic carrying capacity (Fearnside, 1986).  
Verhulst (1838) derived an equation that represents this scenario: 
 
(*)  dN/dt = rN (K-N) / K 
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In equation (*), N is the population size, r is the difference between the instantaneous 
birth and death rates, K is the logistic carrying capacity (or saturation density), and t is time.  At 
equilibrium (dN/dt=0), the population is at carrying capacity (N=K); when the population is 
below carrying capacity, it increases – when above, it declines. 
This equation does not hold for most populations because it assumes that the age 
distribution is stable, that all individuals are equivalent, and that the innate rate of increase will 
be realized.  These assumptions are unrealistic; however, there are many reasons why this theory 
is useful in understanding the size of the indigenous population of Brazil in 1500.  Furthermore, 
the equilibrium carrying capacity is a natural reference with which to measure the long-run 
demographic impact of colonization. 
There is no evidence of major upheavals immediately before the discovery of Brazil that 
would affect the age/sex distribution of indigenous populations and cause major deviations from 
carrying capacity.  In fact, anecdotal evidence suggests that they were living at saturation 
capacity: the Natives of Brazil were fiercely territorial and hostile to anyone who would enter 
their land to hunt; in one group, a man had to kill someone from an enemy ‘tribe’ before 
marrying (Steward, 1946).  These examples reflect adaptations designed to avoid overpopulation. 
In other areas of the Americas, there is also evidence of Native populations living at 
carrying capacity: In Central Mexico, early chroniclers observed that the area had reached 
demographic saturation (Sánchez-Albornoz, 1974) and McCaa’s (2002) analysis of the 12,000+ 
skeletons in the Health and Nutrition in the Western Hemisphere database suggests that the 
period from 0 to 1500 A.D. was a “high-pressure system of high fertility and high mortality 
rates.”  The lack of evidence of agricultural innovations, wars, or famines immediately before 
Contact indicates that the population of the Amazon Basin and the Brazilian highlands was 
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relatively stable.  If so, one must only identify K, the saturation density, in order to estimate the 
size of the Native population in 1500. 
The equilibrium carrying capacity K is the maximum-sustainable headcount.  Equation 
(*) demonstrates Malthus’s theory but is of little use in practice.  I argue that K, the exogenous 
limit to which each stable population converges, depends on the relative abundance of life’s 
prime ingredient: energy. 
According to Waterlow (1996), energy is “the main constraint” on quality of life, with 
protein intake of secondary importance:  As caloric intake falls below some minimum threshold, 
people become completely unproductive – if it falls enough, people will die.  To estimate the 
initial Native population, it is necessary to determine the required level of caloric intake for the 
average adult to maintain a constant natural rate of increase. 
The Report of a Joint FAO/WHO/ UNU Expert Consultation entitled “Energy and 
Protein Requirements” (WHO, 1985), claims that the energy requirement for a subsistence 
farmer is 2,780 kcal a day, about a third of which should come from protein.  At carrying 
capacity, the threshold caloric intake should be such that not only are adults able to survive, but 
they are able to maintain constant reproduction rates.  This is a situation of at-risk malnutrition.  
Waterlow (1996) explains that in cases of deprivation, body weight and the basal metabolic rate 
decrease; his estimates of the energy requirements for a third-world man or undernourished 
Western man suggest that for a Native American in the 16th century in a situation of scarcity, the 
minimum energy requirement could have been 2,000 or even 1,500 kcal a day. 
Energy comes from many sources.  According to the Handbook, the Natives of Brazil 
were farming maize, manioc, beans, and potatoes, but most nutrition was obtained through 
hunting and gathering, reflected by their nomadic nature.  The Natives hunted mammals like 
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jaguars, tapirs, monkeys, and deer; reptiles included turtles, lizards, and caimans; birds and fish 
were also a major component of their diet.  Gathered foods included wild palm, honey, wild rice, 
and many fruits, including yatubá, bananas, pineapples, and papaya. 
The total calories available for consumption are from farming, gathering, and hunting; 
protein consumption will not be treated as a binding constraint for Native populations.1  The 
overall carrying capacity will be the summation of the sustainable carrying capacity from either 
method, recognizing the substitution that must occur given finite amounts of land.  The next 
sections will describe the models used to determine the overall carrying capacity: an adapted 
predator-prey model and an agricultural-yields model. 
 
• Hunting and Gathering Carrying Capacity 
 
  i.) An Adapted Predator-Prey Model 
 
In an ecological system with predators (y) and prey (x), competition between species for 
survival will yield an equilibrium number of each.  Consider the basic predator-prey model 
captured by two Lotka-Volterra equations (Moore and Smith, 2001): 
 
(**)  dx/dt = ax – bxy 
  dy/dt= pxy – cy 
 
                                                 
1
 Werner et al. (1979) conclude that for the Natives of Brazil, “Satisfaction of calorie requirements appears 
to take precedence over satisfaction of protein requirements,” (p. 303). 
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The predator species (y) depends only on the prey species (x) for food, and the prey 
species has an unlimited food supply.  Also, the rate at which the predator finds prey is jointly 
proportional to the size of the populations, and the predator has a fixed chance of killing prey 
every time it is found.  In other words, there is a negative effect on the growth rate of prey that is 
proportional to the interaction of the two populations (-bxy).  Similarly, as more prey are killed, 
the food supply and number of predators decline (-cy), but the predator population grows as the 
product of the population sizes increases (pxy). 
If a is greater than zero, there are two equilibria: x, y=0 (extinction), and x=c/p, y=a/b.  
The above system of equations can be expanded to include more species; however, this model is 
too simplistic to include human dynamics: humans hunt the predators as well as the prey.  In 
addition, it cannot be taken for granted that there is an unlimited supply of food for the lowest 
organism.  The common element of the food chain is energy.  Energy is derived from sunlight, 
and transformed into a consumable form by plants and other organisms with the capacity of 
photosynthesis.  These are called primary producers, the base upon which all life depends and 
which varies across ecological systems. 
The primary consumers, including ants, termites, insects, fungi, and other herbivores 
consume the primary producers and, in turn, provide the nutritional base for secondary 
consumers, namely carnivores.  Humans have a unique position as omnivores, say tertiary 
consumers, because they consume the secondary (carnivore) and primary (herbivore) consumers, 
as well as the primary producers (plants).  Thus, the notion of a linear ‘food chain’ is abandoned 
in favor of a ‘food web’.  I will represent these interrelationships with three Lotka-Volterra 
equations, where organisms are grouped according to their location in the food chain and 
biological complexity: 
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(***)  dx/dt = x (a1 – b1yh)  Plants, Insects, Fungi 
  dy/dt = y (a2x – b2h)  Herbivores, Carnivores 
  dh/dt = h (a3xy – b3)  Humans 
 
Here, x includes all primary producers and some primary consumers, y is the population 
of large primary consumers and all secondary consumers, and h is the population of tertiary 
consumers (humans).  The parameter a represents the innate growth rate of each population 
(their reproduction rate under ideal conditions) and b, the negative impact on the population of 
predation and crowding.  The components of this model (plants, animals, humans) will follow a 
unique cycle for each set of non-zero parameter values and level of primary production.  
Consider (***) at steady-state (dx/dt = dy/dt = dh/dt = 0), replacing x with a fixed ē: 
 
 (****) y = a1 / (b1 h) 
  h = (a2 ē) / b2 
  y = b3 / (a3 ē) 
 
Presuming the indigenous populations of Brazil were in equilibrium with Nature, then 
there is a single fixed solution to this model.  Off of this point, human and animal populations 
fluctuate according to a cycle of overhunting, decline in human population, rebound of animal 
population, and subsequent rebound in human population.  In a stochastic model, there is always 
the possibility of shocks causing extinction.  Barring this event, the unique equilibrium, which I 
will use to calculate human carrying capacity, and some possible cycles are shown in Figure II. 
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There are so many organisms in the first class that it is difficult to measure.  This can be 
considered as the ‘base biomass’ – the maximum amount of energy that is available to all other 
types of organisms.  Let x be the base biomass, or net primary production, measured in grams of 
carbon per square-kilometer/year.  Using units of carbon is equivalent, in this case, to using units 
of energy because photosynthesis involves the capture of carbon from the atmosphere, and 
carbon is the building block of life.  Since the entire food chain depends on primary production, 
it will affect the populations of all other species. 
Accordingly, the populations y and h are also in units of gr.C/km2/year – these figures 
can be converted into population counts based on the carbon content of each organism.  A 
problem with the above exposition is that most energy (carbon) is lost as it travels through the 
food chain; in fact, the calories available to each group are reduced by a factor of ten – the “rule 
of ten” (Odum, 1963).  Equation (***) can be adapted to incorporate this loss. 
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(1)  dx/dt = x (a1 – b1yh)   Plants, Insects, Fungi 
  dy/dt = y (a2(x/10) – b2h)  Herbivores, Carnivores 
  dh/dt = h (a3(x/102)(y/10) – b3) Humans 
 
In equation (1), the available net primary production available to the group of ‘secondary 
consumers’ is only 10% of the energy embodied in the first group (x/10); similarly, the available 
net primary production available to tertiary consumers (humans) is 10% of 10% of the energy 
embodied in the first group (x/102) and 10% of the second group (y/10).  In other words, humans 
can only capture a small fraction of energy converted from sunlight.  Allowing for energy 
degradation, equation (****) becomes 
 
(2)  y = a1 / (b1 h) 
  h = {a2 (ē/10)} / b2 
  y = 10 b3 / {a3 (ē/102)} 
 
The class of secondary consumers (y) will be an index of the species that are major 
sources of non-plant nutrition for humans, mostly vertebrate mammals.  The parameter a2 will 
capture the average innate reproduction rate of the composite species (weighted by mass).  The 
human population (h) evolves according to the term a3, which is the innate rate of reproduction 
of humans, and -b3, the moderating factor (“density-factor”) on population size. 
In order to operationalize the above model, some additional simplifications are necessary.  
The parameters a2 and a3, the innate capacities for increase, and the value ē, net primary energy 
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production, can be estimated.  The value of a1 will be derived from the model.  The parameters 
b1, b2, and b3 must be known in order to solve for the equilibrium populations y* and h*.  These 
capture the density-dependent effects that limit the population – the degree to which one’s own 
population interacted with that of subsequent members of the food chain limits its potential 
growth and, at steady-state, must be equally offset by the innate ability to reproduce. 
There are a few ways to interpret this.  In the simple predator-prey model, these 
parameters reflect the probability of success in the hunt, and in this case, the ‘gather.’  With 
humans in the model, the term only captures a density-dependent effect, since humans 
effectively have no ‘predators’, absent disease and scarcity.  Return to the Verhulst (Logistic) 
Equation (*) for a moment.  Rearranging, one obtains dN/dt = N (r – rN/K) which is similar to 
the form of the current equations that have density-dependent factors bi instead of rN/K. 
To give the predator-prey model a similar limiting mechanism to that of the Logistic 
Equation – an offsetting exponential term (rN2/K) – bi (iє{1,2,3}) must be a function of the 
population j (jє{x,y,h}) to which it corresponds.  For instance, b1 = xσ, b2 = yσ, and b3 = hσ.  
Adding these identities to (2) and solving for h*, y* yields 
 
(3)  y* = { a2σ a3-1 (ē/10)σ-1 102 }1/(1+σ2) 
  h* = { a2  a3σ  (ē/10)1+σ 10-2σ }1/(1+σ2) 
 
From the equations in (3), it is apparent that h* is substantially larger than y* given 
feasible non-negative values of a2, a3, and ē.  A nice property of these equations is their 
symmetry and intuitiveness.  For instance, h* (grams of carbon embodied in humans per square 
kilometer/year) is increasing in the innate growth rate of both ‘secondary consumers’ (a2) and 
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humans (a3), as well as the base biomass (ē).  Alternatively, y* (grams of carbon embodied in 
‘secondary’ consumers per square-kilometer/year) is increasing in the innate growth rate of 
‘secondary’ consumers (a2) and the base biomass (ē) for σ>1, but decreasing in the innate growth 
rate of human predators (a3). 
It remains to elaborate on a2 and a3.  The first term is the innate capacity for increase 
(maximum growth rate absent all constraints) of the composite ‘secondary consumer’ y.  Each 
Native group’s domain falls primarily within one biome; the class of ‘secondary consumers’ will 
include the large edible species of animals, primarily vertebrate mammals, in each biome.  I 
calculate the innate rate of increase of the composite species by taking a weighted average of 
each individual species’ innate rate of increase. 
 
 (4) a2 = ∑ (wi/W) ri 
 
In equation (4), a2 is the innate reproduction rate of secondary consumers, a function of 
the weight of each species (wi) relative to the total weight of the class (W) times the innate rate of 
increase of each species (ri).  This captures the average rate at which the intermediate species in 
each biome can optimally reproduce their biomass.  The term a3 is the innate rate of increase of 
humans.  The gestation period for a human is about nine months.  Assuming an inter-
reproductive period of at least three months, the hypothetical minimum period between births 
would be one year.  If the sex ratio is balanced, the maximum number of offspring a year is equal 
to the number of women of reproductive age.  Therefore, each couple would have one child per 
year: a hypothetical 50% innate rate of increase (a3=0.50). 
  
130
The adapted predator-prey model described above will be used to estimate the steady-
state population of humans and secondary consumers.  The output in gr.C/km2/year can be 
expressed as a population by dividing it by the carbon content of animal life (~18%) and then 
dividing it by the average weight of each species.  For Native Americans, this is about 50 kg – 
for the composite secondary consumer, the composite weight would be the summation of the 
weight of each species times its innate rate of increase. 
 
  ii.) Data 
 
   -Native Groups 
 
The primary source of ethnohistorical data on the location of Native groups comes from 
the Handbook of South American Indians (Steward, 1946).  Although somewhat dated, it 
continues to be the most comprehensive source of Indigenous ethnographic data available.  It 
contains 13 overlapping maps that cover South America completely; those covering Brazil were 
created by Curt Nimuendajú and display the domain of each documented Native group. 
I digitized the largest of Nimuendajú’s maps covering most of Brazil (56°W/0° x 
35°W/28°S).  A resolution of 0.20° latitude by longitude was chosen because this is the area that 
roughly corresponds to the smallest region inhabited by any group, and it is a common resolution 
for other geographic variables.  The domain of a group is defined as the rectangular area that 
most closely approximates it, measured in units of 0.20° latitude by longitude (~22 x ~14 km).  
There are 461 disjoint Native domains with an average size of 2,515 km2 and standard deviation 
of 4,137 km2.  The location and size of the Native domains are shown in Figure III. 
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Figure III. The Native Groups of Brazil 
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   -Diet 
 
An ethnohistorical description of each Native group is provided in Appendix I from the 
Handbook of South American Indians (Steward, 1946).  The hunting and fishing descriptions are 
ambiguous and, even when details are given, probably incomplete.  Nonetheless, the records 
serve to confirm the edible species in each biome among those catalogued in Biomes of Brazil 
(Dov Por et al., 2005) – see Appendix II – in addition to the crops that these groups cultivated. 
 
   -Weight and Reproductive Capacity 
 
The weight (in grams) and innate rate of increase of each species, also shown in Appendix II, are 
from the searchable online index at http://genomics.senescence.info/species.  The innate rate of 
increase is based on the gestation and weaning periods, litter size and litters per year.  Assuming 
an equal sex-ratio, the number of offspring per couple (#offspring/year = litters/year*litter size) 
yields the maximum hypothetical rate of reproduction (ri = 2/#offspring-yr). 
    
   -Net Primary Production 
 
The net primary production (NPP) data is a subset of a global-gridded database created 
by the Human Appropriation of Net Primary Production (HANPP) project (Imhoff et al., 2004).  
Details are available at earthobservatory.nasa.gov/features/HANPP/hanpp.php.  The NPP data 
were derived from a carbon model using satellite vegetation and climate data observed from 
1982 to 1998.  The distribution of NPP over South America is shown in Figure IV. 
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Figure IV. Net Primary Production 
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  iii.) Results 
 
The hunting-gathering carrying capacity estimates are based on the structural model in 
equations (2) and (3).  The parameter a2 is based on the weight and innate rate of increase of the 
species in each biome; the parameter a3 is the innate rate of increase of humans (a=0.5).  The 
equilibrium carrying capacities (h*, y*) are in grams of carbon per square-kilometer/year.  These 
are expressed as headcounts by dividing them by the carbon content of life (~18%) and by the 
weight of humans and the composite animal species, respectively.  At equilibrium, the human 
and animal populations will ultimately depend on the limiting factor σ in equation (3).  Figure V 
demonstrates how the total human and animal populations in inhabited areas converge as σ 
ranges from zero to between four and five. 
 
Figure V. S-S Human/Animal Populations
-20
-10
0
10
20
30
40
0 1 2 3 4 5
Sigma (Limiting Factor)
ln
(po
pu
la
tio
n
)
ln(h*)
ln(y*)
 
 
Recall that σ is the factor by which each species moderates itself (b1=xσ, b2=yσ, b3=hσ).  
The equilibrium animal population y* increases until σ=2 and then declines.  The equilibrium 
human population h* decreases in σ, approaching the animal population at σ=4.  The resulting 
population figures are only feasible for values of σ from two to three (h2*=52 million, y2*=175 
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thousand; h3*=612 thousand, y3*=102 thousand).  The results, organized according the Native 
groups within each biome, are presented in Table I. 
 
Table I. Hunting/Gathering Human Carrying Capacity of Brazil† 
Biome 
# 
Recorded 
Native 
Groups 
Total Area 
Inhabited 
(km2) 
Net Primary 
Productivity 
(gr.C/km2/yr) 
Equilibrium Human 
Population (h*) 
σ=2 σ=3 
Mangrove/Dune 56 118,477 7.15E+11 4,273,915 53,886 
Paraná Pine 32 88,065 7.83E+11 4,354,047 47,050 
Savanna 82 425,829 6.80E+11 16,360,141 196,629 
Caatinga (Thorny Scrubland) 72 145,028 5.22E+11 6,039,174 68,288 
Pantanal (Transitional Palm) 10 21,965 6.71E+11 819,420 10,052 
Amazonia 133 260,119 9.93E+11 11,323,656 133,720 
Atlantic Rainforest 76 216,938 7.14E+11 8,409,646 102,033 
Total/Average 461 1,276,422 7.63E+11 51,579,999 611,658 
†Name, location, and area covered of Native groups are from Nimuendajú, Handbook of South American Indians (1946); net 
primary production is from the HANPP (Human Appropriation of Net Primary Production) dataset, Imhoff et al. 2004 
(http://sedac.ciesin.columbia.edu/es/hanpp.html); h* is the equilibrium human population based on an 18% carbon composition and 
average weight of 50kg. 
 
Carrying capacity depends on available resources, which vary substantially across biome.  
The mangroves are on the coast and provide a relatively rich habitat because of high levels of 
biomass (NPP=7E+11).  The pine forests, savanna, palm forest, and coastal rainforest also 
present a rich biomass.  The two ecological extremes are the dry scrubland of the central plateau 
(NPP=5E+11) and the wet Amazon rainforest (NPP=10E+11). 
The formation of Native groups and their associated domains is not independent of the 
biomass and biomes; however, this literature will not be considered here.  What is of primary 
interest is the human population in each biome for inhabited areas (the last two columns).  The 
estimates are sensitive to the value of the parameter σ; although it cannot be known with 
certainty, a value of 3 provides figures that are closest to other authors and a value of 2 is 
reminiscent of the Verhulst Equation.  The value of σ also affects the spread of the population 
across biomes because of variation in the animal species.  The size of human populations by 
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biome, ranked from lowest to highest, is: transitional palm, Paraná pine, mangrove, thorny scrub, 
tropical semi deciduous, tropical rainforest, and savanna.  The characteristics of the 
representative animal and its population distribution across biomes are presented in Table II. 
 
Table II. Carrying Capacity: Representative Animal† 
Biome Innate Rate of Increase (a2) 
Weight 
(kg) 
Equilibrium Animal Population 
(y*) 
σ=2 σ=3 
Mangrove/Dune 34% 34.7 5,314 3,484 
Paraná Pine 158% 14.2 17,973 10,107 
Savanna 76% 22.3 39,516 23,923 
Caatinga (Thorny Scrubland) 219% 5.9 74,670 40,652 
Pantanal (Transitional Palm) 52% 27.2 1,464 919 
Amazonia 39% 31.1 14,546 9,404 
Atlantic Rainforest 55% 19.0 21,348 13,338 
Total/Average 84% 22.8 174,830 101,826 
†The innate rate of increase of the representative 'secondary consumer' (a2) is the weighted average of each component 
species' weight relative to the total weight times its innate rate of reproduction (species/biome from Dov Por et al. 2005, 
weight and reproduction data from http://genomics.senescence.info; y* is equilibrium population of the composite species. 
 
The data confirm the rule that there is an inverse relationship between the size of an 
animal and its rate of reproduction.  Furthermore, because larger animals require a greater 
concentration of energy, they tend to live in areas with a higher biomass.  It follows that the 
numbers of animals per biome (the last two columns) are ranked, from lowest-to-highest, 
differently than for human populations: transitional palm, mangrove, tropical rain forest, Paraná 
pine, tropical semi deciduous, savanna, and thorny scrub.  The ‘poorest’ biomes have the most 
numerous and lightest animals – the ‘richest’, the fewest and heaviest.  When ranked according 
to total mass, however, the ranking is the same as in Table I. 
 
 iv.) Refinements 
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The hunting/gathering carrying capacity estimates provided in this section are very 
sensitive to the density-factor σ.  In particular, the feasible range of the hunting/gathering human 
carrying capacity of Brazilian Natives ranges from roughly 1 to 50 million people, encompassing 
values well beyond the existing range of estimates. 
Ecologists Sibly et al. (Ecology Letters, 2007; Science, 2005) have employed a variant of 
the Verhulst (Logistic) Equation (*) called the theta-Logistic which incorporates a density-factor 
θ that can be estimated for animal populations.  Recall that the Logistic Equation does not 
capture the interdependencies between species that the predator-prey model does.1  The practical 
problem, however, is that it is difficult to observe how human populations’ growth reacts in 
response to shocks around steady-state. 
I can, however, use the characteristics of each species and the insights from the Logistic 
Equation to calculate alternative estimates of hunting yield.  This is different than my adapted 
predator-prey model above but closer to what other authors have used to estimate pre-Contact 
Indigenous populations (e.g. Thompson, 1966).  I will refine my approach to calculating the 
hunting carrying capacity of the 461 Native groups in my study: first, I will consider the 
maximum sustainable yield (MSY) of the animal species within each Native domain; second, I 
will restrict my attention to the total yield obtained from the largest animal in each area.  In the 
first phase, I do not incorporate the cost of hunting effort, which makes hunting some species 
undesirable; in the second, I acknowledge that only large game animals provide sufficient yields 
to sustain humans. 
 
                                                 
1
 The adoption of an analogous density-factor for a predator-prey model including humans, which I have presented, 
is a new contribution to this literature. 
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 - Maximum Sustainable Yield of All Animal Species 
 
In order to check my estimates and gain an intuitive knowledge of the density-factor for 
humans, it is possible to derive the maximum sustainable harvest of each species of animal 
known to be consumed by the 461 Native groups in my study.  The Logistic Equation is 
frequently and easily used to isolate the maximum yield or harvest of animals by humans.  The 
maximum sustainable yield (MSY) occurs at the inflection point where the rate of population 
growth switches from increasing to decreasing or where the second derivative of the sigmoid 
curve is zero.  This point can readily be shown from equation (*) to be where N=K/2 or MSY = 
rK/4 (where r is the innate rate of increase and K is the sustainable carrying capacity). 
Appendix II contains all of the edible animal species consumed by Brazilian Natives and 
their innate rate of increase (r).  In order to calculate MSY, it is necessary to know the 
sustainable carrying capacity of each animal group.  This is an issue because, as in my model, 
there is a single equilibrium and no path of convergence; therefore, any model of sustainable 
carrying capacity makes the presumption that a given population is already in equilibrium, or at 
least fluctuates within close vicinity.  The cumulative knowledge of animal population densities 
in unaltered habitats (presumably in equilibrium) is extensive. 
For the animal species of Brazil, Robinson and Redford (“Body Size, Diet, and 
Population Density of Neotropical Forest Mammals,” The American Naturalist, 1986) publish 
the cumulative results of studies on nearly all of the animals listed in Appendix II – most 
importantly, their population densities.  The average population density across multiple 
independent studies of each species gives the best notion of the carrying capacity of each animal.  
In Brazil, each biome is so diverse that it only has a subset of animals, therefore there is great 
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variation in the types of edible animals (the variation in the mix of animals in each biome far 
outweighs the variation in the population of a given animal species in different climates). 
It would be great to know the density-factor that Sibly et al. derive from the theta-
Logistic Equation for each species; however, only two of the species in Appendix II are included 
in their sample.  I calculate the maximum sustainable yield (MSY).  Again, the animal carrying 
capacity from the Logistic Equation is MSY = rK/4.  The values of r (%), K (/km2), and MSY 
(/km2) by animal are shown in Table III. 
 
Table III. Maximum Sustainable Yield (MSY) of Brazilian Mammals† 
Common Name Taxon 
Adult 
Weight 
(g) 
r 
K 
(/km2) 
MSY 
(/km2) 
Agouti Agouti paca 9,000 75% 27.5 5.16 
Anteater Myrmecophaga tridactyla 28,500 60% 0.1 0.015 
Armadillo Dasypus novemcinctus 5,500 200% 21.9 10.95 
Capuchin Cebus apella 2,643 45% 12.4 1.40 
Crab-Eating Raccoon Procyon cancrivorus 6,270 150% 3.8 1.43 
Deer Mazama americana 200,000 45% 10.5 1.18 
Howler Monkey Alouatta caraya 5,463 50% 42.2 5.28 
Jaguar Panthera onca 81,150 50% 0.1 0.013 
Jaguarundi Felis yagouaroundi 7,000 200% 0.5 0.25 
Kinkajou Potos flavus 3,000 50% 24.4 3.05 
Marmoset Callithrix argentata 343 320% 8.5 6.80 
Marsh Deer Odocoileus virginianus 102,500 50% 2.8 0.35 
Ocelot Felis pardalis 8,800 100% 0.8 0.20 
Opossum Didelphis marsupialis 1,530 600% 55.3 82.95 
Pampas Deer Odocoileus virginianus 32,500 50% 2.8 0.35 
Peccary Pecari tajacu 20,200 200% 11.9 5.95 
Porcupine Coendou prehensilis 8,600 50% 43.5 5.44 
Puma Felis concolor 63,000 56% 0.1 0.014 
Sloth Bradypus tridactylus 6,250 35% 170.9 14.95 
Spider Monkey Brachyteles arachnoides 11,170 15% 5.0 0.19 
Tamarin Leontopithecus rosalia 655 180% 4.6 2.07 
Tapir Tapirus terrestris 250,000 25% 1.6 0.10 
White Marmoset Callithrix jacchus 255 200% 133.0 66.5 
†The population density (K) data are from Robinson and Redford (1986); The innate rates of increase (r) 
and adult weights are from Appendix II, based on Dov Por et al (2005) and genomics.senescence.info. 
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I multiply the MSY of each species – the optimal number that should be harvested – 
times its adult weight to get a yield of meat in grams per square-kilometer.1  I organize each 
animal by biome and calculate the total MSY for each ecosystem (g/km2).  I then match the MSY 
data with my 461 Native groups thought to inhabit Brazil in 1500, multiplying the total MSY of 
each biome times the area inhabited by Natives (in km2).  The resulting figure represents the total 
sustainable harvest of meat (in grams) by the Native peoples of each biome.  This can then be 
converted into kilocalories by taking the nutritional content of wild, raw, undressed game from 
the USDA Nutrient Data Laboratory, which is about 1.2 kcal a gram (http://www.nal.usda.gov).  
The number of Native groups, total area inhabited, total harvestable yield of meat, and 
corresponding human hunting carrying capacity by biome are shown in Table IV. 
 
Table IV. Hunting-Based Human Carrying Capacity of Brazilian Natives† 
Biome # Groups 
Area 
Inhabited 
(km2) 
MSY 
(g/km2) MSY (g) 
MSY 
(kcal) 
Human 
Carrying 
Capacity 
Amazonia 133 260,119 307,030 8.0E+10 9.6E+10 175,818 
Atlantic Rainforest 76 216,938 731,289 1.6E+11 1.9E+11 341,598 
Caatinga (Scrubland) 72 145,028 60,225 8.7E+09 1.1E+10 19,144 
Mangrove/Dune 56 118,477 8,935 1.1E+09 1.3E+09 2,320 
Pantanal (Trans. Palm) 10 21,965 275,236 6.0E+09 7.3E+09 13,251 
Paraná Pine 32 88,065 324,040 2.8E+10 3.4E+10 62,284 
Savanna 82 425,829 154,560 6.6E+10 7.9E+10 144,270 
Total(Average) 461 1,276,422 265,902 3.5E+11 4.2E+11 758,685 
†The Number of Native groups and area covered are from Nimuendajú in the Handbook of South American 
Indians (1946); The MSY data are the summation of the individual species in Table III by biome; The human 
carrying capacity is based on a minimum daily nutritional requirement of 1,500 kcal. 
 
This method of calculating the human population in terms of the simple harvestable yield 
of meat based on the equilibrium population density of each animal and its innate rate of increase 
yields intuitive estimates.  The Atlantic Rainforest, with an abundance of large animals, has the 
highest Native population, followed by Amazonia, and the Savanna, where a much larger area 
                                                 
1
 The yield will overestimate the meat from each animal because only a fraction is actually edible. 
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needs to be settled to maintain a comparable population.  The final figure of about 760 thousand 
is only for those areas thought to be inhabited and excludes populations capable of being 
sustained by gathering and farming. 
Of course, there are several assumptions built into this alternative model.  The two major 
ones are that there are no inter-dependencies between species that would lead to population 
shocks, and effort or time expended in hunting is unconstrained.  Furthermore, I am assuming a 
rather low caloric intake which may overestimate the actual population.  There is also some 
unaccounted-for natural variation in the energy value of different types of meat.  Finally, I 
assume that the average of the observed population densities by species does not deviate 
substantially from saturation capacity. 
The results here suggest the value of the density-factor σ from my predator-prey model 
with species-interdependence.  A predator-prey human carrying capacity of 760 thousand people 
suggests a value of σ of just below three, the lower end of the range I suggested in Table I. 
 
 - Total Yield of Largest Animal 
 
As an additional check, it is possible to derive the maximum harvest of the largest animal 
known to be consumed by each of these 461 Native groups.  It is probably unnecessary to 
calculate the harvest of every single animal: humans face time constraints, so they will allocate 
the most hunting effort to those species with the greatest yield (hunting small game can require 
more energy than that gained by their consumption).  The energy yield based on the local 
population of the largest game species is a natural benchmark for human populations because of 
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the increased concentration of energy at higher trophic levels.  This technique has been 
employed in several studies of aboriginal population densities, including Thompson (1966). 
I present the characteristics of the largest animal species in each biome in Table V, based 
on the same data sources for the animal species consumed by Natives (Appendix I) and their 
population densities (Robinson and Redford, 1986).  Energy obtained from the harvest of the 
largest animal population in each biome is a good hypothetical bound – a biological maximum – 
for the population of each Native group because it reflects both the bounty of each ecosystem as 
well as the effort-allocation of Natives towards the highest-yielding game. 
 
Table V. Largest Brazilian Game Animals by Biome† 
Common Name Taxon Biome 
Adult 
Weight 
(g) 
Population 
Density 
(/km2) 
Tapir Tapirus terrestris Amazonia 250,000 1.6 
Tapir Tapirus terrestris Atlantic Rainforest 250,000 1.6 
Armadillo Dasypus novemcinctus Caatingas 5,500 21.9 
Crab-Eating Raccoon Procyon cancrivorus Mangrove Forests 6,270 3.8 
Tapir Tapirus terrestris Pantanal 250,000 1.6 
Peccary Pecari tajacu Parana Pine 20,200 11.9 
Marsh Deer Odocoileus virginianus Savanna 102,500 2.8 
†The animal population densities are from Robinson and Redford (1986); The animal and biome 
descriptions are from Dov Por et al. (2005); The adult weights are from genomics.senescence.info. 
 
I multiply the population density of each animal by its weight to get a maximum yield of 
meat in grams (g) and match the yield data to the 461 Native groups thought to inhabit Brazil in 
1500.  I multiply the yield of each biome times the area inhabited by each group (in km2); the 
resulting figure represents the benchmark meat yield for Native groups (in grams) by biome.  I 
made an identical conversion of meat into kilo-calories (USDA) and calculated the human 
carrying capacity in the final column based on a minimum energy requirement of 1,500 kcal a 
day (or 547,500 kcal a year).  The number of Native groups, area inhabited, maximum meat 
yield, and corresponding hunting carrying capacity are shown in Table VI. 
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Table VI. Hunting Carrying Capacity: Benchmark Estimate† 
Biome # Groups 
Area 
Inhabited 
(km2) 
Max Yield 
(g/km2) 
Max 
Yield 
(g) 
Max 
Yield 
(kcal) 
Human 
Carrying 
Capacity 
Amazonia 133 260,119 400,000 1.0E+11 1.2E+11 228,050 
Atlantic Rainforest 76 216,938 400,000 8.7E+10 1.0E+11 190,192 
Caatinga (Scrubland) 72 145,028 120,450 1.7E+10 2.1E+10 38,287 
Mangrove/Dune 56 118,477 23,826 2.8E+09 3.4E+09 6,187 
Pantanal (Trans. Palm) 10 21,965 400,000 8.8E+09 1.1E+10 19,257 
Paraná Pine 32 88,065 240,380 2.1E+10 2.5E+10 46,398 
Savanna 82 425,829 287,000 1.2E+11 1.5E+11 267,864 
Total(Average) 461 1,276,422 267,379 3.6E+11 4.4E+11 796,235 
†Data sources include the Handbook of South American Indians (1946) and those listed in Table V. 
 
The benchmark human population in terms of the maximum harvest of the largest species 
in each biome yields a total population of about 800 thousand, only 40 thousand more than that 
obtained using the maximum sustainable yield of all animal species.  A nearly-equal yield of 
meat can be obtained by harvesting numbers of many species of animal or exclusively hunting 
the largest animal.  The proximity of the two estimates is reassuring and reflects optimal 
behavior of Native peoples, either by managing animal populations allocating their time.  The 
distribution of the population across biomes is different in each case, however, because of 
variation in the size-versus-quantity of edible animal species. 
As always, there are several assumptions built into this estimate.  For one, only a single 
animal species is considered.  Second, there are no interdependencies between species.  The 
human caloric intake is assumed to be rather low, so the population may be overestimated.  Also, 
there is variation in the nutritional value of different types of meat.  Finally, previous studies 
have applied this technique to estimate Native populations for entire regions, assuming that all 
areas were completely inhabited.  I am only considering the carrying capacity of one-fourth of 
the study area; therefore, if applied to all areas, my estimates would be four times higher. 
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 v.) Implications for Native Populations 
 
Across a range of density-factors (σ) from two to three, the estimates of the pre-Contact 
Native population of Brazil from my adopted predator-prey model range from 612 thousand to 
51.6 million – there is no clear prediction for the actual population level.  In this model, the time-
allocation is not directly modeled but is captured by this parameter.  It is therefore necessary to 
refine the model and obtain a reasonable approximation of σ, which cannot actually be observed 
for human populations. 
In the first scenario presented in this section, I estimated the human population based on 
the maximum sustainable yield (MSY) of the species living in each Native group’s domain.  
MSY directly follows from the logistic equation which, although it contains a density-dependent 
limiting mechanism, ignores species-interdependence.  Nonetheless, I calculate a sustainable 
human carrying capacity of 759 thousand people, which suggests a value of σ of just below three. 
In the second estimation, I distance myself from the predictions of either structural model 
and ask: If the Natives allocated most effort to hunting the largest prey, what would be the 
maximum Native population across biomes?  This captures hunting effort and is an intuitive test 
of the population estimates, an approach employed by other authors in this context.  Based on the 
underlying assumptions, the human carrying capacity of these groups is 796 thousand people, 37 
thousand more, with a corresponding value of σ that is also just below three. 
I have presented evidence, built upon current knowledge of Brazilian ecosystems, which 
suggest an indigenous population – based on hunting alone – of at least 800 thousand people, and 
a corresponding density-factor (σ) of three.  This estimate of the pre-Contact population is 
below-consensus; lower than the 1 million suggested by Rosenblat (1954) and well below 
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Hemming’s (1978) estimate of 2.5 million and Denevan’s (1976) of 6.7 million.  The value of σ 
is at the top of the two-to-three range I suggested for my predator-prey model. 
I have only calculated the hunting-based carrying capacity estimate, however: farming 
yields are not included.  Therefore, the range of sustainable human carrying capacity may be 
extended upwards, but not below the 800 thousand referenced here.  In the next section, I will 
consider the agricultural yields potentially obtained by each Native group and the allocation of 
effort between hunting/gathering and farming. 
 
• Farming Carrying Capacity 
 
  i.) Agricultural Yields Model 
 
The Natives of Brazil constituted hundreds of individual groups, many of whom relied on 
farming for part of their diet.  Lathrap (1977) suggests two types of tropical forest gardens – 
ongoing “house gardens” and rotating “chacras” – with house gardens in areas with greater 
ecological bounty, such as by rivers or on the coast.  In areas with less game and fish, like the 
Cerrados or Caatinga, Natives were nomadic but still spent a good part of the year in settlements 
relying on agricultural produce (Flowers et al., 1982). 
The slash-and-burn (or swidden) techniques of Brazilian Natives involved ‘slashing’ the 
vegetation, letting it dry for weeks or months, and then ‘burning’ it.  The burnt biomass would 
inject valuable nutrients into the soil, raising its productivity.  After only a few years, the land 
would become infertile and need to lie fallow for decades before returning to cultivation.  Like 
hunting and gathering, agricultural yields depend on local biomass. 
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The four crops that the Handbook records as being cultivated by some Native groups in 
Brazil prior to Contact are maize, manioc, beans, and sweet potato.  The proposed caloric yield 
from farming for the Natives of Brazil is shown in equation (5).  Of the formulas surveyed in 
Fearnside (1986), it most closely resembles that of Carneiro (1960). 
 
(5)  Y = {(C/(C+F)) A} ∑ ςk Pk 
 
where  Y ≡ annual caloric yield from farming (106kcal/km2/yr) 
   C ≡ period of cultivation (years) 
   F ≡ period fallow (years) 
   A ≡ land within walking distance from settlement (km2) 
   ςk ≡ fraction of land (A) planted in crop k (%) 
   Pk ≡ productivity of land for crop k (106kcal/km2/yr) 
 
The years a plot was cultivated (C) and then left fallow (F) varies depending on the 
circumstances.  Soil quality degrades after a few years and when fallow, full regeneration takes 
decades (Batabyal and Beladi, 2002).  A common ratio of years-cultivated to years-fallow is 5 to 
20, in which case arable plots are cultivated 20% of the time: C/(C+F)=0.20 (Gross et al. 1979).  
Walking distance to the gardens would not exceed five kilometers from a settlement: A = 78.5 
km2 (Flowers et al., 1982).  The adjacent land would not all be planted; a term ςk is introduced – 
the fraction of area A planted in crop k. 
There is no evidence of the Indigenous yields of each crop before colonization, but they 
may not be very different from the harvests, using traditional techniques, of some of the same 
Native groups today.  The agricultural practices of four central-Brazilian Native groups – 
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Mekranoti, Xavante, Bororo, and Kanela – are fully described by Gross et al. (1979), Werner et 
al. (1979), and Flowers et al. (1982).  The caloric yields obtained from each crop (maize, manioc, 
beans, and sweet potato) were published in the Gross et al. article.  In contrast to the monoculture 
common today, these groups employ the traditional polyculture technique in which crops are 
grown intermingled in a single plot. 
The average yields (in 106 kcal per hectare/year) across these four Native groups are: 
maize, 6.65; manioc, 21.39; beans, 0.51; and, sweet potato, 23.26.  These yields were obtained 
by Gross et al. (1979) as follows: “In each study area we weighed the produce from sample plots 
for each crop.  We converted these yields into the energy values for the edible portion of each 
food, using standard tables.  The yields per unit area in general correlate with the soil nutrient 
data for any particular crop,” (p. 1047). 
The yields of these crops for four Native groups cannot be generalized to all groups 
because of large variation in climate and soil quality across Brazil; however, there is recent yield 
data for maize, manioc, beans, and potato for several thousand municipíos from the Global 
Spatial Database of Agricultural Land-use Statistics (Agro-MAPS) of the Food and Agriculture 
Organization (FAO) of the United Nations.  The average yields in metric tons per hectare (t/ha) 
across municípios are: maize, 2.0 t/ha; manioc, 13.3 t/ha; beans, 0.67 t/ha; and, potato, 11.4 t/ha. 
According to the United States Department of Agriculture (USDA) Nutrient Data 
Laboratory (http://www.nal.usda.gov/fnic/foodcomp/search/) the energy content of these foods is 
as follows: maize (raw sweet yellow corn), 0.86 kcal/g; manioc (raw cassava), 1.60 kcal/g; beans 
(raw pinto or carioca), 0.62 kcal/g reconstituted (~1.24 kcal/g dry); and, potato, 0.77 kcal/g.  The 
energy yield of each crop by area (in kilocalories per hectare) is shown in Table VII based on a 
conversion of one ton = one million grams. 
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Table VII. Annual Crop Yields and Nutritional Value† 
Crop Modern Yield (t/ha) 
Energy 
Content 
(kcal/g) 
Yield 
Energy 
(kcal/ha) 
Native 
Yield 
(kcal/ha) 
Maize 2.03 (n=5,129) 0.86 1.75M 
6.65M 
(n=4) 
Manioc 13.27 (4,951) 1.60 21.2M 
21.4M 
(4) 
Beans 0.67 (5,017) 1.24 0.83M 
0.51M 
(4) 
Potato 11.37 (2,065) 0.77 8.75M 
23.3M 
(4) 
†Yields for Brazilian Municípios are from the FAO (Agro-MAPS); Energy Content is 
from the U.S. Department of Agriculture; Native yields are from Gross et al. (1979).  
1t = 106g. 
 
The average monoculture yields of manioc and beans reported by the FAO are close to 
the polyculture yields for the four Native groups studied by Gross et al. (1979).  The Native 
yields of maize and potato are actually higher than the average monoculture yields, perhaps 
because of the relatively favorable environment for these four groups or synergies created by 
inter-planting.  The nutritional content of maize depends on what fraction of an ear of corn is 
assumed to be edible.  Also, the nutritional content of sweet potato (0.86kcal/g) is higher than 
regular potato, thereby underestimating the yield. 
 
  ii.) Hunting/Gathering vs. Farming Resource Allocation 
 
Given the crops known to the Natives and a certain perimeter around each settlement, the 
question remains of how much land would be planted and what the optimal crop mix would be.  
There are two tradeoffs involved: 1.) Land dedicated to farming reduces the available land where 
gathering or hunting is possible, and 2.) Producing any one crop offsets the resources available to 
produce the others. 
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If energy from gathering, hunting, or farming is equivalent, then Natives would only 
engage in the highest-yielding activity; however, this is not observed because humans both 
require and prefer a diverse diet.  Werner et al. (1979) study the hunting vs. farming time-
allocation of these four Native groups and, consistent with rational choice theory, find that 
additional effort was expended in the most-productive activities. 
The fraction of the land dedicated to hunting and gathering plus the fraction of the land 
planted will equal the total area adjacent to the settlement (A).  Recall that the hunting-gathering 
carrying capacity h* is measured in grams of carbon per square kilometer per year.  A decrease 
in land dedicated to hunting and gathering would reduce the population supported by hunting and 
gathering proportionally.  Let θ be the fraction of A left uncultivated and thus available for 
hunting and gathering.  It follows that 
 
(6)  θ + Σ ςk = 1 
 
Any allocation of A is possible – it will depend on the relative productivity of each 
activity and Native preferences.  Werner et al. (1979) conclude that “The evidence suggests that 
decisions to allocate labor to hunting and fishing are influenced more by the overall possibilities 
for production in an area than by the availability of animal proteins alone…  In those societies in 
which gardening is highly productive, people can spend more time on hunting and fishing and 
improve the overall quality of their diet,” (p. 303). 
Allowing for an endogenous choice of area planted, the optimal crop allocation is still 
unknown.  Among the four central Brazilian Native groups, manioc provided the largest share of 
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Calories (~40%), but two groups traditionally depended on sweet potato (Flowers et al., 1982).  
The swidden practices of these groups varied; in all cases, the crop mix changed from year-to-
year to maximize yields given soil degradation.  It is difficult to model these subsistence 
strategies but one can expect that Natives devoted more resources to the most-productive crops 
(manioc and potato) and less time to farming when hunting/gathering harvests were plentiful. 
There are too many uncertainties involved so I will just provide a range of feasible 
carrying capacities and not a single estimate.  As for the predator-prey model, where I considered 
variation in the limiting factor σ, in the agricultural-yields model I will entertain alternate 
assumptions regarding the optimal crop mix and the allocation of land to hunting-gathering and 
farming.  I will briefly summarize the crop data, present the agricultural carrying capacity 
results, and proceed to calculate the joint carrying capacity from the results of the two models. 
  
  iii.) Data 
 
The same data for the 461 Native groups used to calculate hunting-gathering carrying 
capacity will be used to calculate the farming carrying capacity.  The yields of maize, manioc, 
beans, and potatoes across the municípios of Brazil were obtained from Agro-MAPS: Global 
Spatial Database of Agricultural Land-use Statistics of the Food and Agriculture Organization 
(FAO) of the United Nations (www.fao.org).  There are up to two observations – one for each of 
the past two decades – for each municipality.  The nutritional content of each staple is from the 
United States Department of Agriculture (USDA) Nutrient Data Laboratory (www.nal.usda.gov). 
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  iv.) Results 
 
The yields of farming are strongly correlated with the yields obtained by hunting and 
gathering across regions – both depend ultimately on biomass.  The average crop yields over the 
domain of Native groups by biome are shown in Table VIII.  These are only based on the 
location of each Native group and the corresponding crop yields from the FAO. 
 
Table VIII. Agricultural Yields Data for Native Tribes by Biome† 
Biome 
No.       
Native 
Groups 
Area 
Inhabited 
(ha) 
Maize      
Avg. Yield 
(t/ha/yr) 
Manioc   
Avg. Yield 
(t/ha/yr) 
Beans     
Avg. Yield 
(t/ha/yr) 
Potato     
Avg. Yield 
(t/ha/yr) 
Mangrove/Dune 56 1,185 1.04 12.80 0.67 11.73 
Paraná Pine 32 881 2.23 14.29 0.76 12.38 
Savanna 82 4,258 2.12 13.13 0.67 12.59 
Caatinga (Thorny Scrubland) 72 1,450 0.53 7.81 0.30 7.42 
Pantanal (Transitional Palm) 10 220 0.61 8.17 0.35 8.67 
Amazonia 133 2,601 1.43 12.73 0.63 8.69 
Atlantic Rainforest 76 2,169 2.56 16.57 0.80 15.44 
Total/Average 461 12,764 1.60 12.72 0.62 11.47 
†Native groups data are from Nimuendajú (1946); Agricultural Yields from U.N. Food and Agriculture Organization, Agro-MAPS: Global 
Spatial Database of Agricultural Land-use Statistics (http://www.fao.org/landandwater/agll/agromaps/interactive/page.jspx). 
 
The rainforests have some of the highest overall yields; the lowest yields are again found 
in the Caatinga, or dry scrublands.  I will now calculate the upper limit carrying capacity for the 
groups in each biome based on complete cultivation of a 5 km2 perimeter (the resulting carrying 
capacity can be scaled downward according to the proportion assumed to be cultivated).  I will 
consider a range of crop mixes, from the most- to least-productive.  Among the Native groups 
studied by Flowers et al. (1982), crops were planted, on average, in the following proportion: 
maize – 20%, manioc – 45%, beans – 10%, and potatoes – 25%.  I will consider this as the 
baseline estimate.  The crop yields (in mega-Calories/km2/yr) and carrying capacities are 
presented in Table IX. 
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Table IX. Agricultural Carrying Capacity by Biome and Crop Mix† 
Biome 
No.       
Native 
Groups 
Nutritional Yield (106kcal/km2/yr) Min Yield 
Mix: 
Headcount 
Base Crop 
Mix: 
Headcount 
Max Yield 
Mix: 
Headcount Maize Manioc Beans Potato 
Mangrove/Dune 56 82 1,975 74 419 523,723 6,969,680 13,577,803 
Paraná Pine 32 192 2,287 94 864 269,486 3,782,081 6,758,409 
Savanna 82 182 2,101 84 390 662,779 8,635,402 16,878,259 
Caatinga (Scrubland) 72 43 1,198 36 397 292,059 5,438,147 9,951,536 
Pantanal (Trans. Palm) 10 52 1,307 43 200 53,712 785,551 1,573,440 
Amazonia 133 123 2,037 76 106 1,243,119 15,916,110 33,496,294 
Atlantic Rainforest 76 220 2,651 97 782 719,099 11,404,356 21,007,429 
Total/Average 461 135 2,013 75 406 3,763,978 52,931,326 103,243,171 
†The Native groups and yields data are the same as described above (Nimuendajú, 1946; FAO, Agro-MAPS).  The energy content of each 
crop is as follows: maize - 0.86 kcal/g, manioc - 1.60 kcal/g, beans - 1.24 kcal/g, potato - 0.77 kcal/g.  The base crop mix is from Flowers et 
al. (1982) and is 20% maize, 45% manioc, 10% beans, and 25% potato; the min yield crop mix is based on exclusive cultivation of beans; the 
max yield crop mix is based on exclusive cultivation of manioc; all other mixes will have intermediate values based on a weighted average of 
each crop yield.  For each Native group, the maximum perimeter of 78.5 km2 is assumed to be cultivated, with only 20% (C/(C+F)) being 
cultivated at any time.  The required calories per person are 1,500/day.  The estimates are upper-bounds because each group likely farmed 
less than 10% of surrounding land. 
 
The Native population of Brazil (excluding part of Amazonia) capable of being sustained 
from farming ranges from four to 103 million people.  This is an upper-limit because all areas 
within walking distance of each village are assumed to be cultivated.  As discussed, there is a 
tradeoff between hunting/gathering and farming so only part of this land would be planted. 
The headcounts above vary by biome and crop mix – each biome has a different 
productivity and suitability for each crop.  In the baseline estimate, the rank of the agricultural 
carrying capacities of the biomes, from lowest to highest, is: transitional palm, pine, thorny 
scrub, mangrove, savanna, semi-deciduous and tropical rainforest. 
The Amazon rainforest, with its abundance of biomass, is the most-productive area for 
slash-and-burn (swidden) agriculture, but not hunting/gathering.  In the next section, I will 
consolidate the results of the predator-prey and agricultural-yields models to present a range of 
carrying capacity estimates for the Natives of Brazil.  I will consider alternative limiting factors 
(σ) and crop mixes, and demonstrate how the allocation of resources to hunting/gathering and 
farming influences population levels. 
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• Overall Carrying Capacity 
 
The combined carrying capacity of the Natives of Brazil will depend on several factors: 
the most important is the density-factor σ, followed by the crop mix and the percent of land 
dedicated to cultivation.  The tradeoff between farming and hunting/gathering as modeled here – 
the choice of how much adjacent land to leave wild versus farm – will only affect the outcome 
marginally because this area (a maximum 5-km radius around each settlement, or 78.5 km2) is a 
fraction of each group’s domain (which are from hundreds to thousands of square kilometers). 
Based on either the maximum sustainable yield of all animal species or the total yield of 
the largest animal, the parameter σ for the predator-prey model was determined to be about three.  
This value will be accepted because it was within the range originally suggested and was 
independently verified using two related, but independent methods.  Given the predictions of the 
predator-prey model, I now show how the overall human carrying capacity varies according to 
feasible crop allocations and area-planted. 
Based on the descriptions of Native swidden practices by Flowers et al. (1982), it is clear 
that the entire area surrounding villages was not planted.  This would not even be feasible 
because not all land is arable.  The diameter of a concentric swidden garden may have been 
about 100 meters, or an area of about 7,850 square meters, less than a hectare.  If there were one 
such garden in the cultivation cycle (planted or fallow) per square-kilometer, this would 
correspond to 5% of the total area; however, it may be equally likely that there be two such 
gardens or one half-the-size depending on the hunting/gathering yields.  In Table X, I present a 
feasible range of the overall carrying capacity of Brazilian Natives based on a density-factor (σ) 
of three, the baseline crop mix, and a range of area-planted from one to five percent. 
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Table X. Consolidated Carrying Capacity Estimates† 
Biome 
1% of Area Planted 5% of Area Planted 
Hunting/ 
Gathering Farming Total 
Hunting/ 
Gathering Farming Total 
Mangrove/Dune 53,866 69,697 123,563 53,786 348,484 402,270 
Paraná Pine 47,037 37,821 84,857 46,983 189,104 236,087 
Savanna 196,599 86,354 282,953 196,480 431,770 628,250 
Caatinga (Scrubland) 68,261 54,381 122,643 68,155 271,907 340,062 
Pantanal (Trans. Palm) 10,048 7,856 17,904 10,034 39,278 49,312 
Amazonia 133,666 159,161 292,827 133,452 795,806 929,257 
Atlantic Rainforest 102,005 114,044 216,048 101,893 570,218 672,110 
Total 611,485 529,313 1,140,798 610,791 2,646,566 3,257,357 
†Assumptions: The density-factor σ is equal to three; the base crop-mix is planted; the area in the cultivation cycle is either 1% or 5%, 
yielding the total sustainable human carrying capacities shown in bold. 
 
Adjusting for the decrease in hunting/gathering land, Table X shows how farming may 
have permitted much larger Native populations.  Even with 1% of adjacent land (within a 5-km 
radius) dedicated to farming maize, manioc, beans, and potatoes, the overall carrying capacity 
increases from 611 thousand to 1.14 million; when increased to 5%, the carrying capacity 
increases to 3.26 million, with only a marginal decline in the population supported by hunting 
and gathering.  The range of 1.14 to 3.26 million is conservative and only pertains to the 461 
Native groups included in this analysis, which together occupied less than one-quarter of Brazil. 
If agriculture was so productive, it is surprising that many Native groups were nomadic 
for much of the year.  It is possible that Europeans arrived at a time when indigenous peoples 
were in the midst of an agricultural transition, but which was subsequently cut short.  The range 
of carrying capacities presented here is expanded when one allows for different mixes of crops, 
leading to the additional question of how Natives determined their diet – nutritional 
requirements, preferences, and annual crop rotation cycles must have played a role. 
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V. Conclusion 
 
I provide a range of estimates of the pre-Contact Native population of Brazil using a 
unique approach.  I calculate the feasible population of each Native group, by biome, based on 
the caloric yield of hunting, gathering, and agriculture – given technological and environmental 
constraints – at a fine resolution (one-fifth of a degree). 
I obtain a conservative range of population estimates from 1.14 to 3.26 million people, 
depending on whether one or five percent of land adjacent to villages is farmed.  Based on 
hunting and gathering alone, the supportable population is under one million, the figure 
suggested by Rosenblat (1954).  With five percent of local land farmed, the upper bound of 3.26 
million exceeds the 2.5 million estimated by Hemming (1978), but is below the higher values 
suggested by Ribeiro (1970) or Denevan (1976).  Because my estimates are only for those areas 
thought to have been inhabited prior to Contact, I cannot rule out even larger total populations. 
More information about Indigenous lifestyles is necessary in order to refine these figures 
further.  In particular, it would be helpful to know how indigenous peoples allocated their time 
between hunting, gathering, and farming; how they structured their part-nomadic, part-sedentary 
lifestyles to maximize their well-being; and what the roles of culture and diet were in behavior. 
Although I do not argue for a substantial revision of existing estimates of Brazil’s pre-
Contact population, I have provided some new methods of calculating the aboriginal carrying 
capacity based on multiple sources of nutrition.  I have also demonstrated how the environment 
affects the spatial distribution of the population and laid a preliminary foundation for 
understanding the economics behind the adoption of settled agriculture.  The fallbacks of the 
model at-once motivate new directions for future research into Indigenous society. 
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Chapter Five 
The Economic Geography of Race in the New World 
 
I. Introduction 
 
The racial makeup of North and South America and the Caribbean (the Americas) today 
is very different from that of five hundred years ago.  Consider Brazil: where there were once 2.5 
million native inhabitants (Hemming, 1978), in the 2000 census only 730 thousand people 
claimed to be “indigenous” compared with 91 million who identified as “white,” 65 million 
“brown,” and 11 million “black” (IBGE). 
The size of racial groups in the Americas also varies across regions.  In Brazil, the 
northeastern states of Paraíba, Pernambuco, and Bahia are two-thirds “brown” or “black” and 
one-third “white”; the southern states of Espírito Santo, Rio de Janeiro, and São Paulo are two-
thirds “white” and one-third “brown” or “black”; only in a few interior states is over one percent 
of the population “indigenous” (IBGE). 
The main claim of this chapter is that the origins of race – the relative size of different 
groups of people who share a common descent or heredity – in the New World are principally 
economic.1  In areas where gold was discovered or the soil and climate were suitable for growing 
sugar, for example, slavery was adopted (Sokoloff and Engerman, 2000).  I argue that in slave-
based societies, their racial composition would have evolved according to the relative 
productivity, mortality, and price of two enslaved groups: Natives and Africans. 
                                                 
1
 This definition of “race” is from Webster’s Universal College Dictionary (Random House, 2004). 
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Using data on the population of twenty Brazilian states, by race, around fourteen points in 
time between 1500 and 2000 A.D., I demonstrate how Africans substituted for Native peoples in 
response to shifting labor costs, but only in those areas where slavery was profitable.  I present a 
model which can explain two-thirds of variation in the relative size of these two groups.  In 
addition, the results are robust to using different categorizations of peoples of African descent, 
measures of price, and potential growth rates of the Native population. 
Although everyday people may understand the connection between slavery and race, it is 
not clear why, when, and where reversals in the relative size of racial groups occurred.  Racial 
diversity, to the extent that people have a variety of ideas and talents, is a positive thing; 
however, it is also associated with institutionalized discrimination, inequality, and 
underdevelopment.1  By exploring the circumstances under which different racial groups became 
established, I hope to further our understanding of the Americas’ roots of racial geography. 
 
II. Settlement and Economic Organization 
 
Prior to the discovery of the Americas, Portugal had already settled the Atlantic islands of 
Madeira, the Azores, and Cape Verde, created trading posts along the West African coast, and 
established a trade route around South Africa to the Indian Ocean (Mauro, 2000).  The 
Portuguese explorer Cabral accidentally ‘discovered’ Brazil in 1500, while on a commercial 
expedition to India (Gonçalves de Sousa, 2000). 
 
                                                 
1
 Several studies have identified a negative relationship between racial (or ethnic) diversity and public-
goods provision, including Easterly and Levine (1997), Alesina, Baqir, and Easterly (1999), Miguel and Gugerty 
(2005), and Alesina and LaFerrara (2005).  According to Sokoloff and Engerman (2000), in slave based economies 
– where inequality and race were inseparable – institutions of discrimination were established that impeded 
economic growth (Easterly, 2007, and Nunn, 2007, quantify this relationship). 
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The economic model that Portugal had applied during its expansion would guide the 
settlement of Brazil.  From 1502 to 1534, merchants used ‘factories’ similar to those established 
in Africa to trade with the Natives for dyewood (Johnson, 1987).  In 1530, the Portuguese 
adopted the donatorio system, which had been applied on the Atlantic islands: the land was 
divided into fourteen captaincies and granted to 12 men, some of whom established sugarcane 
plantations (De Abreu, 1997). 
Brazil’s abundant cultivable land could be exploited only to the extent that it was paired 
with labor.  During the early phase of settlement, the coast supported large Native populations 
and their labor was obtained through barter and then enslavement (Marchant, 1942).  Native 
labor soon became scarce, however, due to disease, warfare, and flight (Hemming, 1987).  The 
population of Portugal at the time was under a million and there were too few immigrants to 
develop the settlements; African slaves were common in Portugal and Spain during the second 
half of the fifteenth century and were brought in growing numbers to replace the diminishing 
Native population (Klein, 1978). 
The numbers of Africans in the first settlements surpassed those of Natives during the 
seventeenth century.  According to Calmon (1939), “on the coast of Bahia and Pernambuco, the 
substitution of Native slaves by African was most rapid during the decade of 1590-1600,” (p. 
347).  According to the estimates in the Trans-Atlantic Slave Trade Database, eventually 5.5 
million African slaves were imported into Brazil.  Large numbers of Europeans immigrated after 
the slave trade was abolished in 1888, a fact partly explained by poor economic conditions in the 
southern countries. 
Three products – sugar, gold, and coffee – were the core of Brazil’s economy for at least 
four hundred years.  Sugar production was the primary economic activity during the sixteenth 
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and seventeenth centuries.  The first major gold strike was in 1695 and its production grew at a 
rapid pace over the following sixty years (Mauro, 1987).  In the 1830s, coffee became Brazil’s 
most-valued export (Bethell and Murilo de Carvalho, 1989).  These sectors employed 
predominantly slave labor.  I now briefly describe the inputs and technologies involved in the 
production of each staple, and then elaborate on their connection to race. 
 
• Sugar Production 
 
According to Schwartz (1987), sugarcane needs to grow for fifteen to eighteen months 
before it can be harvested; it can be cut again after another nine months.  At harvest, gangs 
would cut the cane, perhaps 4,200 canes a day per man; the women would tie the cane in 
bundles.  At the mill, the cane juice would be expressed, moved through copper kettles in which 
it was purified, and then put in molds to be purged and dried.  The size of an early sugar 
plantation ranged from 10,000 to 13,000 hectares and employed 120 to 160 slaves in the fields 
and 20 ‘whites’; milling involved another 40 slaves (Blume, 1985).1 
The land was leased to lavradores who usually worked one 6.1 hectare (ha) partido with 
20 slaves; based on an average cane yield of 53.51 tons/ha and a 5% recovery rate, each slave 
would have produced 51 arrobas (one arroba ≈ 32 pounds) of sugar a year (Blume, 1985).  The 
only major technological innovation during the colonial period was the introduction of a mill 
press with three vertical rollers at the turn of the seventeenth century – these were less reliant on 
water and led to a large expansion in the number of plantations (Schwartz, 1987).  In turn, 
demand for laborers and slaves also expanded. 
                                                 
1
 Van de Dussen (1640) implies that a standing workforce of at least 40 to 70 slaves was necessary, each 
producing as many arrobas of sugar (in Goulart, 1975). 
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• Gold Production 
 
Some bandeirantes (slave-hunters) encountered placer gold during their expeditions and 
panned it using few or no tools; however, the discovery that beckoned a “gold-rush of epic 
proportions” was that of Ouro Prêto in 1701 (Hemming, 1978).  According to Russell-Wood 
(1987), gold production involved rocking the river sediment in a wooden or metal pan so that the 
gold would sink to the bottom and other materials would wash over the sides.  Other variants 
included taboleiros, where a whole river bed was worked, grupiaras, where sediment was 
panned on the riverbanks, or catas, openings in the hillsides.  In some such lavras, sediment was 
passed through sluice boxes, gradually separating gold, and the residue was then panned. 
The average yield of a slave varied greatly over time.  Productivity ranged from 
potentially hundreds of drams of gold a year (one dram = 1/8 ounce) right after discovery to 20 
drams or less by the end of the eighteenth century.1  A notable innovation during the colonial 
period was the development of hydraulic machines to increase the availability of water for 
panning or to remove water from the mines.  Although production became more efficient, gold 
yields were falling and overall labor demand declined over the course of the eighteenth century. 
 
• Coffee Production 
 
Coffee was first introduced into Brazil in the early eighteenth century (Motta Sobrinho, 
1967).  It took at least three years for trees to bear fruit (Klein and Vidal Luna, 2010); ‘full 
                                                 
1
 Boxer (1962), based on contemporary estimates, infers that after discovery, a slave could potentially 
produce 16 drams of gold a day.  Reports from the 1720s and 1730s cite production from 27 to 81 drams/year 
(Russell-Wood, 1987).  For the 1735 to 1760 period, Goulart (1975) calculates annual output per slave of 36 to 41 
drams; however, by 1780 Teixeira Coelho reports an annual yield of only 20 drams. 
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production’ was realized at the age of six (Stein, 1985).  The harvest was the most labor-
intensive phase of coffee production, but labor was continually employed in planting and 
maintenance with several thousand trees per worker.  Tasks included weeding, transporting the 
harvested cherries, and drying, removing, and sorting the beans (Stein, 1985).  In a sample of 
543 fazendas in the early 1880s, there were an average 3,359 trees per slave (Klein and Vidal 
Luna, 2010).  A typical coffee plantation (fazenda) was between 500 and 1,000 hectares in area 
and employed fewer than 100 slaves.1 
According to Wrigley (1988), the yield of coffee trees declines from 1,500 kg/ha to 300-
400 kg/ha after two or three decades.  As productivity per tree declined, so did output per slave.  
Production ranged anywhere from 300 to 3,000 kg of coffee per worker, depending on the 
quality of the soil and the age of trees.2  Mechanization of coffee processing began in the 1860s 
with the adoption of ‘depulpers’ and ventilators, although most fazendas continued to produce 
using traditional techniques (Stein, 1985).  The decline in productivity may have been associated 
with a decline in labor demand, if not for the westward shift of the frontier which continually 
opened up virgin lands to coffee production; since slaves were mobile, their productivity did not 
decline as much as the yields of aging coffee trees (Stein, 1985). 
 
                                                 
1
 According to Stein (1985), the typical plantation in Vassouras had 80 to 100 slaves in the late nineteenth 
century.  This is much higher than the average of 43 per fazenda in Rio de Janeiro in the early 1880s from Van 
Delden Laerne (1885; cited in Klein and Vidal Luna, 2010), who add that the average fazenda had an area of 645 
hectares.  Klein (2010) concludes that a typical plantation had 70 to 100 slaves.  Baptista Filho (1952) writes that a 
fazenda is often over 500 hectares in area, having several dozen families working on it. 
 
2
 Klein and Vidal Luna (2010) cite coffee production of only 400 kg/slave on the “earliest farms of 1820s.”  
From the summary of Machado de Oliveira’s figures (also in Klein and Vidal Luna), the average productivity in São 
Paulo in 1854 was 957 kilograms of coffee per slave; on the highest-producing fazendas during the last quarter-
century in São Paulo, Carvalho de Mello calculates an average output of 33.6 sacks/slave (with a 60 kg sack, this is 
2,016 kg/slave).  According to Baptista Filho (1952), the average yield on Sao Paulo fazendas was from 20 to 50 
arrobas (one arroba = 14.4 kg) per 1,000 trees.  Provided the number of trees/worker had not changed substantially 
from the previous century, this corresponds to production of several hundred to several thousand kilograms of coffee 
per worker/year. 
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In the next section, I present a generalized model that considers the production decisions 
made in the economy and the demographic factors that may have determined the racial makeup 
of the workforce and society over time.  I focus on the transition from Native to African laborers 
and leave an analysis of post-abolition European immigration for future work. 
 
III. Model 
 
• Production in the Settlements 
 
The evolution of human populations in Brazil over five hundred years with regards to 
their race and servile status, somewhat arbitrarily defined, can be explored in theory but never 
known in fact.  This model will serve to illustrate the key aspects that should be considered and 
provide a foundation to evaluate the hypothesis that factor endowments and relative labor supply 
influenced the racial composition of societies in the Americas from the earliest days of 
colonialism to the present. 
The model is organized in two parts.  First, I discuss the production technology and the 
relative productivity of Native and African laborers; the transition of the slave population with 
regard to mortality, flight, and manumission; the decisions of producers and the corresponding 
racial makeup of the slave workforce; and, the connection between the race of the workforce and 
that of society as a whole.  Second, I argue why slave prices were largely exogenous and 
describe the main factors that affected prices: mortality during travel to the settlements and 
transportation costs. 
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i.) Factors of Production and Relative Productivity 
 
Both in the mines and on the plantations, land was abundant, slave labor predominated, 
and capital and skilled labor were crucial but scarce factors of production.  Both African (As) and 
Native (Ns) slaves were employed.  Eventually, a free labor force (L) grew which rented its labor; 
here, racial characteristics were less salient.  In addition, land (T) and capital (K) were employed.  
The level of technology (Λ) determined overall productivity.  Let each settlement specialize in 
either export agriculture or mining.  Total output (Y) of the representative firm in each settlement 
i in period t can be represented using the following Cobb-Douglas production function: 
 
(1)  
 
The share of each factor in output is allowed to change over time.  The role of Native 
American slaves in production (τit), for instance, may have eventually become zero.  Likewise, 
production may have become more capital-intensive over time.  The time-subscripts on the 
coefficients also permit variation in the proportion of slave versus free labor employed.  
Presumably, there would be no slaves after abolition in 1888. 
Native (Ns) and African slaves (As) are not considered as a single factor because they 
were not perfect substitutes.  According to Ribeiro (2000), “No colonist ever doubted the 
usefulness of indigenous labor, even though he might prefer black slaves for mercantile export 
products.  The Indian, on the contrary, was considered an ideal worker for transport of loads or 
people over land and water, for cultivation of commodities, for preparation of food, and for 
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hunting and fishing,” (p. 63).  Although Natives were productive farmers, monoculture was alien 
to them and they had greater incentives to flee (Hemming, 1978).  Africans were unfamiliar with 
the environment and had less motivation to run away; furthermore, some had experience in 
mining and metallurgy (Klein and Vidal Luna, 2010). 
 
ii.) Slave Mortality, Flight, and Manumission 
 
The use of slave labor was fundamentally different from the use of free labor.  The cost 
of a slave was paid up-front and the return to slave labor-time accrued to the owner.  Slaves were 
not paid their marginal product, although one could argue that wage laborers were.  Each period, 
the slave-owner would purchase new slaves that would increase the slave workforce.  Absent 
new investment, the slave population would decline due to net mortality, flight, and 
manumission.  This model will consider the transition of the stock of African and Native slaves 
in settlement i at time t (Asit, Nsit) in terms of new investment (IAit, INit) and (presumably negative) 
population growth rates (asit, nsit): 
   
 (2)  
 
The growth or decline of New World indigenous and African populations depended on 
many factors, including legal status, age/sex ratios, vulnerability to disease, and state of conflict.  
The legal status of the Natives was ambiguous: although slavery was legally prohibited from the 
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first century of colonization, Native slaves were valued assets and traded locally.1  On the Jesuit 
missions, Natives were not slaves in the ordinary sense, but still provided their labor in fear of 
outside enslavement – their goods were sold in the market and their labor was rented to colonists 
(Hemming, 1978).  The first Africans in Brazil were slaves in law and fact, but the free 
population grew rapidly and surpassed the slave population in some captaincies by the late 
eighteenth century.2 
The structure of the African slave trade compared to the Native had dramatic implications 
for the subsequent growth of slave populations.  The latest figures indicate that across the 206 
voyages that disembarked slaves in Brazil with data on gender, 66% of African slaves were 
male; across 3,891 voyages to all destinations in the Americas with gender data, 65% were 
male.3  The over-representation of male slaves from Africa was a result of selection into the 
slave trade (women were highly valued in African matrilineal societies) and, to a lesser extent, 
their higher prices in the Americas (Klein and Vidal Luna, 2010). 
The age distribution of African slaves was also abnormal.  Across 946 voyages that 
disembarked slaves in Brazil with data on age, only 7.7% of slaves were children; across all 
4,219 voyages to the Americas with such data, 21% were children.4  The low number of women 
of child-bearing age among Afro-Brazilian slave populations was a key factor behind their 
negative growth.  It is unlikely that Native slave populations were so asymmetric; however, they 
                                                 
1
 The first law prohibiting the enslavement of Natives was passed in 1570; however, it permitted 
enslavement of Natives during ‘just’ wars and of those ‘who habitually attack the Portuguese and other Indians,’ 
(Hemming, 1978).  Subsequent legislation was ineffective in stemming the Native slave trade. 
 
2
 The free-to-slave ratio of the African/Mulatto population ca. 1775: Rio Negro, 927:191; Pará, 
24,779:11,413; Rio de Janeiro, 86,751:84,282; and Rio Grande de S. Pedro, 12,821:5,102 (from Alden, 1963). 
 
3
 Source: Emory University, www.slavevoyages.org, accessed December 2010.  The 206 voyages to Brazil 
with data are out of 10,244 in total or 2.0%.  The 3,891 voyages with data, irrespective of destination, are out of 
34,948 or 11%. 
 
4
 The voyages with gender data comprise 9.2% and 12%, respectively, of total voyages. 
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were more vulnerable to European diseases.  Slavery itself was a source of above-average 
mortality, but research suggests that it was not the primary factor behind population decline.1 
 
iii.) Profit Maximization 
 
A plantation- or mine-owner would choose the amounts of inputs to maximize the net 
present value of profits.  The choice variables in this problem are the levels of capital (Kit), wage 
labor (Lit), land (Tit), and the numbers of African (IAit) and Native (INit) slaves to purchase.  The 
state variables are the level of technology (Λit) and the current stock of African (Asit) and Native 
(Nsit) slaves.  The prices of output (pit) and African (pAit) and Native (pNit) slaves are assumed to 
be exogenous; this will be discussed in the next sub-section.  The prices of capital (rit), free labor 
(wit), and land (ιit) – net interest, the wage rate, and rent, respectively – are set in a competitive 
domestic market.  There is full depreciation and land is rented, not owned.  Let the subjective 
discount rate be ρ.  The Lagrangean for the firm’s profit-maximization problem is 
 
(3)  
 
Slave characteristics (e.g. age, gender, health) influenced how much a mine- or 
plantation-owner would be willing to pay for a slave; however, in this model slaves are assumed 
                                                 
1
 According to Klein and Vidal Luna (2010), citing the dissertations of Carvalho de Mello and Slenes, the 
fertility rates of slaves in nineteenth-century Brazil were high compared to those of contemporary European 
populations – the numbers of births per 1,000 people were in the upper 30s or lower 40s. 
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to be uniform and differ only by race.  Although not included here, profitability was also affected 
by maintenance costs and, during the early nineteenth century, the risk of abolition.  The first-
order conditions of the profit-maximization problem for African and Native slaves are: 
 
(4)  
  
   
 
iv.) The Racial Composition of Slave Populations 
 
In this model, capital, labor, and land are paid their marginal products – African and 
Native slaves are not.  The slave-owner would choose the next-period stock of slaves to equate 
their expected marginal product to their expected marginal cost: a function of the current and 
expected price of slaves, the subjective discount factor, and the population growth rate.  Solving 
the equations in (4) for the ratio of Africans to Natives in period t+1 (Asi,t+1/Nsi,t+1), assuming 
that prices, production coefficients, and net mortality rates follow a random walk, one obtains 
 
(5)  
 
The ratio of African to Native slaves in settlement i at time t+1 is equal to the product of 
the inverse ratio of their prices (pNit/pAit) and productivity (γit/τit) in the previous period, and a 
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term that captures population growth (nsit, asit) and the subjective discount rate (ρi).  A change in 
the price of output (pit), the technology level (Λit), or the level of capital (Kit), free labor (Lit), or 
land (Tit), has no effect on the ratio of African to Native slaves (only on their levels).  The "race 
ratio" reacts negatively to increases in the price of African slaves (pAit) and positively to 
increases in the price of Native slaves (pNit).  Finally, the ratio reacts positively to an increase in 
the production coefficient of African slaves (γit) and negatively to that of Native slaves (τit). 
 
v.) The Race of Slaves and Society 
 
Given the negative growth regime associated with slavery, the rapid population increase 
observed in Brazil must have resulted from either immigration or natural increase of the free 
population.  The more-balanced age-and-sex distribution of the free Afro-Brazilian population 
led this group to experience positive natural rates of increase.1  In explaining the racial 
composition of society with respect to slavery, it is therefore necessary to consider manumission 
or escape. 
The model can be generalized to include manumission by adding a set of transition 
equations for the growth rate of free Native and African populations.2  Assume that producers 
did not perceive the lagged effect of slave purchases on the size of the free labor force.  The 
racial composition of society would still change linearly in response to variation in slave prices, 
                                                 
1
 Citing the 1872 census for São Paulo, Klein and Vidal Luna (2010) write that the sex ratio for free 
persons of color was 79 men per 100 women compared to a ratio for slaves of 125 men per 100 women. 
 
2
 For instance,  and  where Afi,t+1 and Nfi,t+1 are the free 
African and Native populations, mjit (j=A,N) is the fraction of slaves manumitted and/or escaped, and afit and nfit are 
the growth rates of the free African and Native populations in settlement i in period t. 
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productivity, and mortality as shown in equation (5); however, it would also depend on 
manumission rates and growth of the free population.1 
 
 vi.) Other Considerations 
 
The literature on African slavery in the U.S. offers insights into some other factors that 
affected African slave populations and their spatial distribution in Brazil.  Key questions center 
on slaves’ profitability, costs of upbringing vs. purchase, degree of exploitation, and treatment 
(Atack and Passell, 1994).  I will briefly touch on each of these topics, giving particular attention 
to the treatment of slaves and the extent to which their reproduction was encouraged given 
spatial variation in price. 
As in the U.S., slavery was a relatively profitable enterprise in Brazil.  According to 
Slenes (The Demography and Economics of Brazilian Slavery, 1976), the average rate of return 
on investment in slaves was above-normal; in fact, on sugar plantations during the eighteenth 
and early nineteenth centuries, after accounting for all related expenses (maintenance, etc.), the 
initial price of an African slave was recouped in less than three years (Schwartz, 1985/1987).  In 
the U.S., the average rate of return on investment in African slaves ranged from 2.2 to 5.4% for 
males and 7.1 to 8.1% for females (Conrad and Meyer, 1958). 
Most slaves in Brazil were imported from Africa as opposed to being native-born – it 
may have been uneconomical to raise slave children to adulthood compared with buying an adult 
slave on the market.  The reproduction of the slave workforce has a spatial dimension because in 
                                                 
1
 To obtain this result, I iterate backwards on the transition equations in the previous footnote and plug the 
result in the equation for the race ratio of society {Ai,t+1/Ni,t+1 = (Asi,t+1+Afi,t+1)/(Nsi,t+1+Nfi,t+1)}, obtaining: 
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areas in the interior where slaves were relatively expensive, it may have become rational to 
invest in raising slave children (and give slaves better treatment overall).  I will now discuss this 
possibility, comparing the experiences of the U.S. and Brazil. 
In the U.S., the economic history literature has considered this question within the 
context of whether slavery would have continued had it not ended with the Civil War.  Evidence 
provided by Yasuba (1971) and Fogel and Engerman (1974) suggests that it was quite profitable 
to raise slave children and, indeed, slavery was a viable institution.  Yasuba compares the costs 
of rearing children with the income they produce and their sale price upon reaching adulthood: 
raising slave children was profitable.  Fogel and Engerman trace the surplus production of slaves 
over their lifetime.  During early childhood, maintenance costs exceeded income, so children had 
a negative return; however, the breakeven-point occurred when a slave was in his/her early 
twenties, after which point the net return was positive. 
There are no equivalent statistics for Brazil, but scholars there have actively debated this 
issue.  According to Florentino and Machado (1998), slave owners encouraged births and 
marriages among slaves; Slenes (1999) suggests that slave-owners were not interested in slave 
reproduction in the southeast after 1850 (the end of the international trade).  Klein and Vidal 
Luna (2010) interpret this literature as follows: 
 
Studies of positive natural growth rates in Paraná and Minas Gerais even before the end of the slave trade 
 and the steady growth of their resident slave populations until the last decades of slavery would suggest that 
 there was no inherent bias among slave owners against promoting slave children and marriage, (p.  238). 
 
The two provinces mentioned – Paraná and Minas Gerais – are located slightly toward 
the interior of the country.  Although there is no ‘bias’ against reproduction, there is little 
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evidence of reproduction being encouraged.  In places on the coast where slaves were less 
expensive, it does not appear that slave children were relied on to maintain the slave population – 
on the contrary, many times more slaves than the entire volume of the U.S. slave trade were 
imported into southern Brazil during the fifty years between 1800 and 1850 (Trans-Atlantic 
Slave Trade Database).  If the purchase price of a slave was recovered within a few years, there 
was no incentive for slave-owners to wait twenty-plus years for positive returns from raising 
slave children.  Even in the interior, where slave prices were higher, this would require much 
larger price differentials than those observed. 
The key difference between the U.S. and Brazilian slave trades is that the North Atlantic 
trade was ended by a treaty between the U.S. and Britain in 1808 – the direct South Atlantic 
Africa-Brazil trade did not end until 1850, forty years later (Bethell, 1970).  Given the shorter 
timeframe between the end of the trans-Atlantic trade and ‘free-womb’ laws in Brazil (1850-
1870), there was less incentive for pro-reproduction practices there than in the U.S. 
Unfortunately, there is insufficient slave price data across regions to evaluate this 
quantitatively.  Provided that there was no incentive for reproduction (i.e. that reproductive 
potential did not bear on the profit-maximization decision), the model above does not change; 
however, if slave reproduction were encouraged in some areas, it might affect the relationship 
between the ratio of people of African to Native descent and the inverse ratio of slave prices.  I 
will now briefly review the evidence in support of the exogeneity of New-World slave prices. 
The argument that the price of a slave is equal to the net present value of future slave 
profits is false.  The price of a prime slave was determined in a competitive international market 
where local producers in the Americas did not have enough bargaining power to greatly affect 
the price (Sokoloff and Engerman, 2000).  Klein and Vidal Luna (2010) confirm, “The Atlantic 
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slave trade was the determining element in the fixing of prices [in Brazil] until 1850...” (p. 128).  
The main components of slave prices were exogenous and varied across provinces according to 
distance.  Where slaves were employed, they were exploited (or slave-owners were indifferent to 
owning them).  The rate of exploitation of slaves is the difference between their marginal product 
and cost which, as mentioned above, is positive for slaves during all periods except childhood. 
In “The Comparative Histories of Slavery in Brazil, Cuba, and the United States,” Bergad 
(2007) summarizes the eighteenth-century slave economy: 
 
While there have been no economic studies that have measured the relative productivity of free and slave 
 labor during the eighteenth century, it is likely that slaves were economically more advantageous than free 
 men and women.  First, due to coercion and absence of choice, slaves constituted a reliable labor supply, 
 and this was an important factor on plantations and farms of any size.  Second, slaves were efficient and 
 productive workers whose output may even have been greater than that of free laborers, in part because of 
 long hours of labor forced on them by masters during peak seasons.  Third, rising wage rates for free labor 
 over the course of the eighteenth century made the cost of slave labor comparable to, or even lower than, 
 that of free workers, despite the relatively high purchase price of slaves, (p. 148-149). 
 
The estimates of the rate of exploitation of U.S. slaves range from 50% to 65% (Atack 
and Passell, 1994, p. 335), although non-slave populations were also exploited to a lesser extent 
due to market inefficiencies.  The exploitation of American slaves is evident when the post-
abolition wage rates of gang laborers are compared to pre-abolition ‘incomes’.  Fogel and 
Engerman (1974) estimated that a field slave actually received 15% more in consumption goods 
than the imputed wage of free farmers but this was brutal work and, after the Civil War, a much 
larger premium was required.  Although no comparable estimates exist for Brazil, the rate of 
exploitation must have been substantial and perhaps similar in magnitude to that of the U.S. 
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• The Slave Trade 
 
It comes as no surprise that the optimal ratio of Native to African slaves is inversely 
related to the ratio of their prices.  The novelty in my model is that the price of each type of labor 
is determined exogenously.  The price of African slaves was determined in a competitive 
international market and plantation owners in the Americas were essentially price-takers 
(Sokoloff and Engerman, 2000).  It reflected, to a large extent, the cost of the trans-Atlantic 
voyage and shipboard mortality.  The price of Native labor, on the other hand, was related to the 
costs of slave-raiding expeditions into the interior; as new lands were settled and Native 
populations declined, the colonists had to travel increasing distances over rugged terrain in order 
to capture Natives. 
The relatively low price of Native slaves during the sixteenth century is documented in 
the will of Governor Mem de Sá (1569), who valued his African slaves at thirteen to forty times 
more than unskilled Native slaves (Hemming, 1987).  When new settlements were established a 
century later in the interior, at a comparable distance to the ever-shifting frontier, Native labor 
was also many times less costly than African labor.  For example, the price of renting Native 
labor from the Jesuit missions in 17th century Pará was only two and a half yards of cloth per 
month – almost valueless for barter (Hemming, 1987). 
In the settlements, Native labor soon became scarce.  In a letter to the King of Portugal in 
1617, the Bishop of Lisbon wrote, “in the whole district [of the city of Maranhão], there is not a 
single Indian village left.  Within a hundred leagues of Pará there is not a single Indian who is 
not at peace or has not been domesticated by the Portuguese, whom he fears even more than a 
slave fears his master.  In the district of Ceará, there used to be 60 villages within a radius of 60 
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leagues.  Today, not one remains, for they have all disappeared as a result of the activities of the 
slave hunters," (p. 42, Marcílio, 1984). 
In response to the shortage of Native labor in the colonies, plantation and mine owners 
substituted African slaves.  Compare a hypothetical coastal city in seventeenth-century Brazil to 
a new settlement in the interior.  Suppose that, consistent with the historical evidence, the coastal 
city is farther from the frontier so that African slaves are relatively less expensive than Native 
slaves.  With identical production functions, the first-order conditions of the profit-maximization 
problem would yield equilibria like those shown in Figure I for a given level of output x.  The 
coastal city that is distant from the frontier has an optimal labor ratio of Africans to Natives that 
is higher than the city in the interior (pN’/pA’ > pN/pA → A*’/N*’ > A*/N*). 
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In order to evaluate this narrative within the context of the model, I need to understand 
how the prices of African and Native slaves were determined.  The rest of this section reviews 
evidence on the African slave trade, which is relatively well-documented, and the Native slave 
trade, which is not.  I then summarize this information and suggest a straightforward measure of 
the relative price of Native and African slaves. 
The cost of purchasing slaves from suppliers in African ports was a relatively minor 
component of their sale price in the Americas.  Eltis, Lewis, and McIntyre (2010) analyze the 
accounts of voyages destined for the Caribbean in the 1680s and conclude that transportation 
costs, mortality, and morbidity accounted for 80% of the final price of slaves.  I will describe 
these costs and then consider how they varied over the course of the slave trade. 
 
  i.) Mortality and Morbidity 
 
The mortality and morbidity of slaves during the voyage from Africa to Brazil was a 
major component of New-World prices.  In the Eltis et al. sample, it accounted for 40% of the 
price differential between Africa and the Caribbean.  Mortality during the middle passage 
changed over time based on the source of slaves, medical knowledge, type of ship, and length of 
voyage.  Fortunately, many of the voyages to Brazil recorded in the Trans-Atlantic Slave Trade 
Database describe port-of-origin, tonnage, and days-at-sea. 
According to Klein and Vidal Luna (2010), “Overall, the three dominant regions for the 
origin of African slaves to Brazil were the regions of Angola-Loanda (Central Africa), the Bight 
of Benin (Western Africa), and the East African region of Mozambique,” (p. 153).  Mortality 
rates differed according to port-of-origin, as shown in Table I. 
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Table I. Mortality by Port-of-Origin on Voyages to Brazil† 
Source of Slaves #Voyages Mortality % 
Bight of Benin 2,659 6.3 (410) 
Bight of Biafra/Gulf of Guinea Islands 444 14.1 (50) 
Gold Coast 164 6.0 (9) 
Senegambia/Offshore Atlantic 417 6.7 (107) 
Southeast Africa/Indian Ocean Islands 546 16.7 (267) 
West Central Africa/St. Helena 5,131 7.7 (1,609) 
Other 883 17.9 (32) 
Total 10,244 8.7 (2,484) 
†Source: Trans-Atlantic Slave Trade Database, www.slavevoyages.org, accessed 12/2010. 
 # of observations used to calculate mortality rates are shown in parentheses. 
 
On voyages from the Bight of Biafra, Southeast Africa, and Other regions, mortality rates 
averaged from 14 to 18 percent.  Voyages from the Bight of Benin, the Gold Coast, Senegambia, 
and West Central Africa, however, had mortality rates of 6 to 8 percent.  Not all of this 
difference can be attributed to voyage length.  The health of slaves at each port – a function of 
the interior distance slaves traveled, time in holding before embarkation, and general disease 
environment – had a significant impact on mortality. 
Consider a regression of slave mortality on voyage length across the subset of voyages 
that disembarked slaves in Brazil with mortality data, or 1,912 out of 10,244 voyages (standard 
errors are in parentheses): 
 
 Mortality Rate = 0.02 + 0.0015*Voyage Length  R2 = 0.09 
                     (%)            (0.01)  (0.0001)       (Days)   n = 1,912 
 
Voyage length was a significant cause of slave mortality: An additional 10 days at sea 
would increase the mortality rate by 1.5% (6.6 slave deaths).  At least one slave would die, on 
average, every day-and-a-half.  This statistic obscures variation in mortality by port-of-origin.  In 
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the next specification, dummy variables are added for voyages whose source of slaves was the 
Bight of Benin, Senegambia, SE Africa, or West-Central Africa. 
 
 Mortality = 0.06 + 0.0011*Voyage Length – 0.054*Benin – 0.057*Senegambia 
     (%)        (0.01)  (0.0001)       (Days)          (0.013)             (0.018) 
 
   + 0.021*Southeast Africa – 0.033*West-Central Africa R2 = 0.13 
     (0.014)                              (0.013)    n = 1,912 
 
The coefficient on “Voyage Length” is the effect of an additional day at sea on the slave 
mortality rate independent of origin: an additional 10 days at sea increased mortality by 1.1% (or 
4.5 slave deaths).  At least one slave would die, on average, every two days.  The voyages from 
the Bight of Benin, Senegambia, and West-Central Africa had lower mortality rates compared to 
voyages from Southeast Africa.  According to Klein (1978), “[Different mortality rates by port-
of-origin] could reflect differences in the length of time involved in transit from the source of 
capture to the port, as well as possible differences in the time between arrival at the port and the 
onset of the voyage,” (p. 87). 
Another possible source of slave mortality is “tight-packing” or the density of slaves on 
ships.  The number of slaves per ship does not necessarily reflect the space allocated per slave 
because ships increased in size over time; therefore, the appropriate measure is slaves per ton or, 
inversely, tonnage per slave (Klein, 1978).  Tonnage is not commonly recorded, so it is difficult 
to precisely estimate this relationship.  The bivariate regression across the subset of the 10,244 
recorded voyages to Brazil with tonnage data (203 out of 10,244) is presented below. 
 
 Mortality Rate = 0.09  +  0.007*Slaves/Ton   R2 = 0.01 
          (%)            (0.02)    (0.005)    n=203 
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There may be a relationship between conditions on the ship and slave mortality, although 
it cannot be confirmed because of the low number of observations.  In sum, port-of-origin and 
length of voyage were the two main sources of slave mortality during the passage from Africa to 
Brazil, mortality which influenced the price of slaves in the colony. 
 
  ii.) Transportation Costs 
 
Transport costs accounted for the greatest share of slave prices in the Americas.  This is 
documented by Eltis, Lewis, and McIntyre (2010) for the Caribbean in the 1680s, where 
transport costs comprised 60% of the price differential between Africa and the Caribbean.  They 
decompose transport costs into voyage-specific and fixed costs incurred by the trading company, 
costs to the captain, costs to the ship-owner, and offsetting returns to the company and ship-
owner from freight. 
Accounts data is very scarce; the 1680s Royal African Company records used by Eltis et 
al. probably constitute the earliest complete dataset available (Klein, 1978).  The discussion here 
will, accordingly, be more qualitative.  I will describe some of the fixed costs associated with the 
slave trade, such as fort maintenance, and the variable costs, including food and supplies, 
depreciation of ship and equipment, payments to crew and captain, and returns from freight. 
The costs of maintaining a presence in Africa to purchase, house, and embark slaves 
influenced the profitability of the slave trade but, being fixed, would not have influenced the 
price of slaves in the Americas.  The Portuguese had numerous forts along the African coast, 
including Elmina (Guinea) and Luanda (Angola), which were founded and maintained by the 
royal trading monopolies.  Similarly, the cost of building ships was a major initial expense.  
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Another expense was the cost associated with failed voyages.  Some voyages never arrived in the 
Americas due to poor weather or piracy; in addition, during the nineteenth century the British 
were actively intercepting ships and returning their slaves to Africa (Klein, 2010). 
A host of other costs varied according to the duration and nature of the voyage.  These 
included rations for slaves and crew, payments to the captain and crew, and depreciation of the 
ship and equipment.  Longer voyages required more supplies and greater compensation for the 
captain, crew, and ship-owner.  The longer the voyage, the less were shippers able to offset the 
costs by trading European or American goods for African gold or ivory (Eltis et al., 2010). 
 
  iii.) Temporal Variation 
 
All of the costs described above changed over the course of the slave trade.  Although 
Western Africa was the predominant source of slaves in Brazil throughout the trade, Southeast 
Africa became increasingly important during the nineteenth century (Klein and Vidal Luna, 
2010).  The increased mortality associated with Eastern African slaves was more than offset by 
an overall decline in mortality rates.  Klein and Vidal Luna write: 
 
The general improvement in European knowledge about diet and the use of crude vaccinations against 
smallpox pervaded all the slave-trading nations by the second half of the eighteenth century, a fact that 
seems to account for the uniform drop in average mortality figures from approximately 20 percent in the 
pre-1700 period to some 5 to 8 percent by the end of the eighteenth century and beginning of the nineteenth 
century, (p. 158). 
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A summary of key statistics for the Brazilian slave trade is presented in Table II.  There is 
a notable decline in average mortality rates over time; however, neither voyage length, crew size, 
or the age and gender of slaves show a trend.  The number of slaves per voyage increased over 
time – ships became progressively larger, even though slaves-per-ton remained relatively 
constant or declined (Klein, 2010).  The conditions of slaves during the passage did not really 
change, except that the impact of epidemic disease was reduced. 
 
Table II. The Middle Passage to Brazil† 
Period 
# 
Voyages 
Recordeda 
Voyage 
Length 
(Days)b* 
Crewc Slaves Embarkedd % Male
*
 
% 
Childe* 
% Slaves 
Diedf* 
1574-1599 7 .. .. 166 .. .. .. 
1600-1624 7 .. 15 304 .. .. 0.05 
1625-1649 136 38 63 282 0.56 0.18 0.12 
1650-1675 29 35 .. 596 .. .. 0.32 
1675-1699 286 .. .. 239 .. 0.03 0.21 
1700-1724 885 62 71 352 0.83 0.03 0.13 
1725-1749 1,162 43 .. 396 0.89 0.07 0.13 
1750-1774 1,136 61 29 347 0.61 0.08 0.09 
1775-1799 1,408 46 29 337 0.66 0.09 0.08 
1800-1824 2,660 45 27 434 0.50 0.03 0.09 
1825-1849 2,385 40 20 437 0.68 0.62 0.08 
1850-1857 143 44 19 676 0.71 0.05 0.23 
1574-1857 10,244 45 23 403 0.66 0.077 0.087 
   (2,634) (1,566) (3,092) (206) (946) (2,484) 
†Source: Trans-Atlantic Slave Trade Database, www.slavevoyages.org, accessed 12/2010.  Data are averages of recorded 
and/or imputed observations for voyages during each quarter-century.  Figures in parentheses are the exact number of 
voyages upon which the statistics in each column are based.  *These series were imputed for those voyages where 
sufficient information is available. 
aThis is the maximum number of observations upon which the statistics are based.  Data coverage improves toward the 
later centuries.  bVoyage length measured from the last port of embarkation to the first port of disembarkation.  cCrew on 
ship at outset of voyage.  dTotal slaves on-board at departure from last port of embarkation.  eBased on criteria of trading 
company: observed age, height, or sexual maturity.  fPercent of slaves embarked that died during voyage. 
 
Transportation costs are difficult to quantify; however, there is some evidence that they 
increased in real terms over time.  According to Eltis et al. (2010), referring to the British trade 
to the Caribbean, transport costs increased 75 percent between 1675/79 and 1775/79.  They 
attribute this to a decline in the commodity trade after 1700 and the additional time it took to 
purchase and embark slaves in Africa.  In their sample, the increase in transportation costs was 
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almost exactly offset by the decline in mortality rates.  For Brazil, the increased cost of longer 
voyages from East Africa was also offset by lower mortality rates, although it is not known to 
what magnitude. 
 
  iv.) Native Slaves 
 
The cost drivers in the East-to-West African slave trade – travel time, mortality, rations, 
and equipment – apply symmetrically to the West-to-East Native slave trade.  (Of course, data is 
much scarcer because this trade was nominally illegal.)  The difference between the African and 
Native slave trades is that, whereas slaves could always be purchased in large numbers at coastal 
African ports, Native population decline and flight destroyed hundreds of Native villages and 
made Native slaves increasingly difficult to obtain.  Hemming (1987) cites a Jesuit priest: “the 
Portuguese go 250 or 300 leagues [1,500-2,000 kilometres] to seek these heathen since they are 
now so far away,” (p. 161). 
The bandeirantes – ‘pathfinders, slavers, prospectors, and informal militiamen’ (Morse, 
1965) – were the suppliers of Native slaves to the Brazilian settlements.  Hemming (1987) 
writes, “[By the end of the seventeenth century] bandeirante activity in the south was subsiding, 
with the disappearance of most Indians in the hinterland of Paraná and São Paulo and the 
realization that Indian captives were scarcely worth the effort now needed to capture them," (p. 
180).  The duration of expeditions into the interior to capture Natives was rising and, as for 
African slaves, mortality rates during travel, required rations, and compensation for slavers must 
also have been increasing. 
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  v.) Price Differentials 
 
The ratio of the price of Native labor to the price of African labor in settlement i in time t 
(pitN/pitA) depended on the relative mortality/morbidity of slaves during transportation, rations, 
equipment, compensation for slavers, and some markup.  All of the costs were increasing with 
distance.  The extent to which they increased with distance depended on the cost of land versus 
sea transport; costs also varied across regions, trades, and time. 
Let mNit and mAit be the cost of mortality plus morbidity per unit of distance for Native 
and African slaves imported into settlement i at time t; let eNt and eAt be the cost of equipment 
(horses, chains, ships, etc.) and rations per unit of distance; finally, let cNt and cAt be the wages or 
commission for the ‘crew’ per unit of distance.  Allowing for markups ξNt and ξAt for Native and 
African slaves (also per unit of distance), I suggest that the ratio of the prices of the two types of 
slaves in settlement i is a function of the ratio of the distance to the frontier (dFit) to the slave 
ports in Africa (dAi): 
 
(6)  
 
To illustrate, recall that Governor Mem de Sá valued some African slaves forty times 
more than Native slaves in Bahia in 1569.  Given that the ratio of the distances was almost 1:100 
(there were un-contacted Natives within 40 km from the capital but Africa was over 4,000 km 
away), and assuming an identical markup, the ratio of Native-to-African costs per unit distance is 
2.5.  This reflects, all-else-equal, the increased cost of overland versus oversea travel. 
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  vi.) Race and Distance 
 
I posit that the ratio of people of African to Native descent (Ait/Nit) in settlement i is 
explained by their respective productivity (γit/τit) times the inverse ratio of their extra-market 
prices (pNit/pAit); the ‘race ratio’ also depends on the subjective discount factor (ρi) and slave 
mortality rates in the settlements (nsit, asit).  Furthermore, I argue that the largest components of 
slave prices were costs associated with mortality during travel to the settlements and 
transportation, both of which increased monotonically with distance. 
There is not enough data to evaluate this hypothesis; however, distance-based costs 
accounted for over half of the final price of slaves in the Americas and distance is readily 
calculated.  Plugging equation (6) into (5) and taking natural logs, a simple (testable) relationship 
between distance and racial composition in slave-based economies emerges: 
 
(7)  
  or 
   
 
Where ηit includes the unobservables that influence race.  The following section will 
describe the data that will be used to test whether the ratio of the distance to the frontier to the 
coast of Africa can potentially explain the racial composition of Brazilian society over time. 
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IV. Data 
 
• Demography 
 
The unit of analysis is the modern Brazilian state-year.  A separate contribution of this 
paper is the compilation of all published data on the population and racial composition of Brazil 
from 1500 to 2000 C.E.  Obtaining data on the disaggregated population of Brazil prior to 1800, 
much less its racial composition, is difficult.  Marcílio (1984) writes: “Without data, however, 
there is no demography, and in the case of Brazil there is practically no statistical information for 
the first 250 years of its existence,” (p. 37). 
Although it is impossible to fully consider population dynamics during the colonial 
period, it is possible to obtain snapshots of the racial composition of society at different points in 
time.  The first national census data are available in 1872 (Bergad, 2007), but there are regional 
censuses beginning in 1775 (Alden, 1963); official documents, correspondence, and chronicles 
by contemporaries provide population figures by city and/or captaincy going back to 1540.  The 
accuracy of the data decreases further back in time but because the dependent variable for this 
study is the ratio of the population of two racial groups, not an actual headcount, the noise in the 
data is lessened.  After reviewing all published primary and secondary sources, about forty were 
identified that together contain enough information to construct a modest panel of population by 
race.  Some data is available for twenty Brazilian states at or around fourteen time periods: 1545, 
1570, 1585, 1625, 1675, 1725, 1775, 1800, 1825, 1850, 1875, 1900, 1950, and 2000. 
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Unfortunately, this dataset is far from complete.  The data coverage for each state by 
period and race is presented in Table III.  The sources of demographic data and the construction 
of the database are detailed in Chapter Two. 
 
Table III. Data Coverage by Race over Time† 
Period Obs. # 
“European” 
Obs. # 
“African” 
Obs. # 
“Native” 
1545 2 2 1 
1570 6 1 3 
1585 6 2 5 
1625 8 3 2 
1675 3 3 3 
1725 2 5 2 
1775 6 6 2 
1800 14 14 12 
1825 10 10 9 
1850 10 9 8 
1875 20 20 20 
1900 20 20 20 
1950 20 20 0 
2000 20 20 20 
Total # Obs. 147 135 107 
†Note: The data described is from multiple sources (detailed in the appendix) and only 
include published historical statistics.  For early periods, the observations correspond 
to the population of settlements within the borders of twenty modern Brazilian states. 
 
  i.) Estimating the ‘Missing’ Native American Population 
A problem with the historical sources is that the number of Native Americans is often 
unreported.  Nevertheless, our current knowledge of the size of Native populations in the 
Americas before and after Colonization can be used to infer the Native population of the 
settlements for periods in which data are missing.  The robustness of these estimates will be 
demonstrated by their close correspondence to the actual data in cases where they overlap.  In 
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Section VI, I will also show that the empirical results in the next section are not sensitive to any 
assumptions regarding the rate of change of the Native population. 
The estimates of the Native population in some Brazilian settlements during the colonial 
period are based on the following logic: 1. Natives previously living in areas settled by the 
Portuguese were incorporated into the local economy, and 2. the natural growth rate of Native 
populations in the settlements was negative due to the effects of disease and enslavement.  
Therefore, the population of Natives living in Portuguese settlements could only be maintained 
or increased by bringing in more Natives from the interior. 
In order to estimate the number of Natives living in colonial settlements, I use estimates 
of the population density of Brazilian ‘tribes’ in 1500 combined with data on the areas settled by 
the Portuguese and estimates of the rate of decline of the Native population over time.1  The 
population density estimates come from Julian Steward (1946) and are based on detailed ethno-
historical data.  A digital version of his original hardcopy map is presented in Appendix I.  Data 
on the areas settled over the colonial period are taken from John Hemming (1978).  A digital 
version of his original hardcopy map is presented in Appendix II.  Finally, the average rates of 
decline for the Native Brazilian population are adopted from Rosenblat (1954). 
The data are combined to estimate the number of Native Americans in each settlement as 
follows: assuming that the natural rate of increase of the un-acculturated Native population was 
negative in the magnitude suggested by Rosenblat, then it follows that the number of Natives in a 
settlement in any period was roughly equal to the number of un-acculturated Natives in the new 
regions settled since the previous period.  The estimates obtained using this methodology are 
                                                 
1
 Although Natives in the settlements may have had higher mortality rates, even Natives that had no contact 
with Europeans were still affected by European diseases and inter-tribal warfare (Hemming, 1987). 
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surprisingly close to the number of Natives recorded by contemporary observers when such data 
are available.1  The data are only included in the database when other data are unavailable.  In 
total, these estimated figures comprise 49 out of 312 points, or 15.7 percent, giving a total of 156 
observations. 
 
  ii.) Estimating the ‘Missing’ African Population 
 
As with the Native population, the African population is also underreported over the 
course of Brazilian history, albeit to a lesser extent.  In Chapter Three, I examined the labor 
requirements in the sugar, gold, and coffee sectors, as well as the importation of African slaves, 
in order to estimate the African workforce in each settlement during the colonial era.  I identified 
a close association between the labor requirements in these three sectors and the observed 
African population.  As with the Natives, the flow of Africans into the settlements can also be 
used to project a possible population range. 
There is a close correspondence between the estimated workforce in sugar production and 
the African population during the sixteenth and seventeenth centuries.  For instance, given the 
number of plantations in Bahia/Ilhéus in 1545, 320 slaves were required – compare this with 400 
Africans recorded in a contemporary document.  In São Vicente, an estimated 480 slaves were 
needed on the plantations – 500 were actually documented in the captaincy at this time.  In 1570, 
1585, and 1625, the estimates based on the number of plantations are relatively accurate in 
                                                 
1
 The dataset contains a combined 18 overlapping observations for Native populations during the sixteenth, 
seventeenth, and eighteenth centuries.  In São Paulo, the ‘observed’ Native population was 3,000 in 1545, 1,000 in 
1570, and 1,000 in 1585 – compare this with estimates of 1,324, 1,291, and 1,272, respectively.  In Bahia in 1585, 
the average observation of 7,335 Natives compares with an estimate of 2,272.  That year in Pernambuco, the 2,000 
observed Natives compares with an estimated 1,254.  In Maranhão in 1725, there were supposedly 12,500 Natives 
compared to an estimate of 6,354.  In Pará in 1775, 28,391 recorded Natives compares with the estimate of 23,405.  
Over these 18 sets of competing figures, the average deviation is 8,033 people, a small margin given the noise in the 
early statistics. 
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predicting the African population.1  Accordingly, 17 of the production-based African population 
estimates will supplement the dataset. 
In addition, four estimates based on the inferred African population from African slave 
import records will also be added to the database.2  These are built upon conservative 
assumptions regarding the natural rate of increase (decrease) of the slave population and are 
shown to correspond closely with the observed data when they are available.  For instance, 
scholars have placed the African population of Bahia in 1675 at 25,000; based on slave import 
records and moderate negative rates of natural increase over time, the estimated African 
population is 25,381.  The numbers match well for subsequent periods from 1725 to 1850.3  With 
four additional estimates for the dataset, there are a total of 21 new observations on the African 
population, or 6.7 percent of all data points.4 
 
  iii.) Major Demographic Trends 
 
To illustrate some trends in the dataset, the evolving racial compositions of three 
geographical regions – the North, the Northeast, and the Southeast – are shown in Appendix III.  
                                                 
1
 For example, in 1585 the estimates of 4,240 African slaves in the Bahia region and 5,280 in Pernambuco 
are quite close to the average 4,165 and 5,665, respectively, observed by contemporaries; across all estimates, the 
average deviation from recorded statistics for the sixteenth century is only 14%.  Although the estimates are less 
precise over time as the economy diversified, the production-based estimates are useful checks for the early 
population statistics and, when such data is lacking, serve as reliable substitutes. 
 
2
 The slave import records are from the Trans-Atlantic Slave Trade Database (http://slave voyages.org) 
accessed August, 2010.  Based on evidence cited in the aforementioned work, the growth rate of the African 
population is assumed to be -5%, -4%, -2%, and 0%, respectively, in the 16th, 17th, 18th, and 19th centuries. 
 
3
 In 1725, the estimated African population in “Amazonia” of 5,685 compares with 3,000 recorded; in 
Bahia that year, the estimate of 36,594 compares to an observed 45,482; in 1775, 33,997 Africans in Amazonia 
compares with a recorded 45,164; the same year in Bahia, the estimate of 280,342 is close to 216,636 recorded; 
finally, from 1800 to 1850, the estimates are within 25-50% of the observed population. 
 
4
 It will be shown that the imputed data are not driving the results.  The model will be tested with the base 
dataset described in Table I (with 100 obs. included) as well as the enhanced dataset (all 156 obs. included). 
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In 1775, national statistics become available with “Mulatto” (of African and European descent) 
as an additional racial category – for the present, these individuals will be classified as being of 
predominantly “African” descent.1 
These three regions all display a shift from societies in which the majority of the 
population was of Native descent into ones of predominantly African descent – and eventually in 
the Southeast, of predominantly European descent.  This transition was not uniform across 
regions.  In the North, with relatively high initial Native populations and a less-developed export 
industry, the transition into an Afro-Brazilian society occurred between 1725 and 1775.  In the 
Northeast, the prime sugar-producing region of Brazil, the African population exceeded the 
Native between 1585 and 1625.  Finally, in the Southeast, which despite its colder climate still 
had a large export industry, this occurred sometime between 1675 and 1775. 
Across Brazil, the Indigenous majority had become a minority by 1675.  This is 
consistent with the observation of Schwartz (1987): “The transition from Indian to African 
labour, although underway from the 1570s on, was slow and was not fully achieved in the 
plantation areas until the third decade of the seventeenth century,” (p. 82).  This conversion was 
not in effect in all places at all times, but it is undeniable.  For the four states with the best data 
coverage – São Paulo, Pernambuco, Espírito Santo, and Bahia – the shift toward an African 
population is visible in Figure II.2 
 
                                                 
1
 “Mestizo,” or of European and Native descent, is not a separate category in the modern census.  Most 
Brazilians have some Native ancestry (Ribeiro, 2000); however, in the census they self-identify as either “white” 
(branco), “yellow” (amarelo), “black” (preto), “brown” (pardo), or “indigenous” (indígena). 
 
2
 Four outliers are omitted and nine missing data points are averaged (23% of total observations). 
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Figure II. African/Native Racial Composition of Brazil
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A criticism of this data is that the social construction of race makes it biased, particularly 
in later periods.  The fraction of the population classified as “white” increased notably beginning 
with the Trans-Atlantic Migration at the end of the nineteenth century.  However, the 
“whitening” of the population was at once a physical and psychological phenomenon.  
According to Abdias do Nascimento (1995), in spite of government statistics indicating that the 
majority of Brazil’s population today is “white”, Africans still constitute the majority.  He writes, 
“In this distortion of statistics we come upon a cornerstone of ‘Latin’ racism: the psycho-social 
whitening of Africans in these societies.  The compulsion to identify with European values, 
aesthetics and criteria of personal beauty create various negative psychological complexes …” 
(p. 102). 
With the self-reporting of race the incentive to become “white” creates a bias in the data, 
predominantly for the nineteenth and twentieth centuries, in which the numbers of “non-whites” 
are underestimated.  Nonetheless, this bias is probably more of an issue when examining the 
relative size of “whites” versus “non-whites” than for the present analysis. 
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• Factor Endowments 
 
Slave-based settlements were established in those parts of the New World with great 
natural resource wealth, such as a favorable environment for growing staples, rich mineral 
deposits, or developed indigenous communities.  In Brazil, sugar production and gold mining 
were the most important sectors in the colonial economy and the densest Native populations 
were located on the coast and in the Amazon Rainforest.  To understand the spatial distribution 
of race across Brazilian states, I will therefore consider the suitability of land for growing 
sugarcane, the number of gold deposits, and the initial Native population within the modern 
borders of each state. 
Data on the location of gold deposits are from the Brazilian Ministry of Mines and 
Energy online database (GEOBANK).  I calculate the number of gold deposits per 1,000 km2 in 
each state using coordinate data and state boundaries.  Remote-sensing imagery was used to 
construct this database, so the data indicate the prevalence of gold deposits whether or not they 
have been exploited.  I use the following criteria to classify land as suitable for growing 
sugarcane: mean temperature of at least 59-60.8°F (15-16°C), average annual rainfall of between 
47.2” and 59” (1,200-1,500mm), and somewhat-level land (from Blume, 1985).  The percent of 
land in each state satisfying these criteria is calculated by geo-referencing, overlaying, and 
querying temperature, precipitation, and gradient maps from the CIA World Factbook. 
The data for the initial Native population of each state in 1500 are constructed using a 
digitized version of an indigenous population density map by Julian Steward (1946); this was 
described above and is shown in Appendix I.  The average population density by state is 
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calculated by overlaying contemporary political boundaries on the population density polygons; 
the headcount, in turn, is the average population density per state times its area. 
 
• Distance 
 
The population counts by race for each settlement in the fourteen periods are used to 
calculate the dependent variable: the ratio of Africans to Natives (Ait/Nit).  The independent 
variable is the relative price of Native and African slaves (pitN/pitA).  As discussed, a natural 
proxy for the relative labor cost is the ratio of the distance to the frontier to the port-of-origin of 
African slaves (dFit/dAi).  The distance to the frontier (dFit) is the more subjective of the two 
measures because the “frontier” has many possible interpretations.  The distance to Africa (dAi) 
would be more straightforward, if not for the numerous Portuguese slave ports on the coast, 
points of disembarkation in the Americas, and transportation routes to captaincies in the interior. 
Two different ways of measuring each distance will be considered.  In each case, the 
distances are measured relative to the principle city in each settlement.  The “frontier” is 
regarded as the division between the Native and Portuguese domains: the areas each group 
frequented, if not inhabited, and was capable of defending.  The first method of determining the 
frontier involves tracking the establishment of new cities in the interior. 
The “frontier” will be defined as 150 miles (241.5 km) west of the westernmost city that 
existed during a given time period.1  This distance is based on what early Jesuit administrators 
reported as commonly-traversed areas between plantations, parishes, and cities.2  The second 
                                                 
1
 The cities and their gradual establishment are outlined in the figures from Chapter Two.  Since the data 
are presented by century, the location of the frontier in intermediate periods is averaged. 
 
2
 See Joseph de Anchieta, “Cartas, Informações, Fragmentos Historicos e Sermões,” 1585. 
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“frontier” comprises the westernmost points settled by the Portuguese as shown in Hemming 
(1978).1  Since Hemming’s map, shown in Appendix II, only spans a few periods, the distance to 
the frontier in intermediate periods is assumed to increase linearly.  This is not as satisfactory, 
since the frontier may have expanded and retreated. 
The distance to the origin of slaves in Africa, assuming one may identify the origin, can 
be proxied by: 1.) The shortest distance from the principal city in each captaincy to the port on 
the coast of Africa or 2.) The distance from the principal city to the port of disembarkation plus 
the additional distance from that port to the port of embarkation.  In the first scenario, the port of 
embarkation in Africa will be a common point (5°50'E, 4°12'N) near the Bight of Benin.  In the 
second scenario, the representative port of embarkation in Africa will be Luanda, Angola 
(13°12’E, 8°40’S).  These two paths are illustrated for the state of Goiás in Figure III. 
 
           Figure III. Two Measures of the Distance to Africa 
 
 
 
                                                                                                                                                             
 
1
 Hemming’s map shows the limits of Portuguese occupation in 1600, 1700, and 1760.  It is assumed that 
the frontier shifted linearly from an initial value of 0 in 1500 to its location in 1600, and likewise between 
1600/1700 and 1700/1760.  Thereafter, it is assumed that the frontier continued to expand linearly until reaching 
Brazil’s current political boundaries. 
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The source of African slaves varied by region and time, but the Bight of Benin is about 
the average location on the coast where slaves were purchased; slaves were referred to as being 
from either Guinea, to the north of the Bight, or Angola, to the south of the Bight (Calmon, 
1939).  Klein and Vidal Luna’s (2010) summary of the Emory slave trade data indicates that 71 
percent of slaves shipped to Brazil were from West Central Africa (whose main Portuguese port 
was Luanda) and 19 percent were from the Bight of Benin. 
Descriptive statistics by state for some of the variables defined in this section are 
presented in Appendix IV; aggregate statistics for Brazil are presented below in Table IV. 
 
# Africans # Natives #Africans / #Natives
#Afr. / #Nat. 
No Outliers1
# Europeans
Distance 
Frontier 
(km)
Distance 
Africa 
(km)
Dist. Frontier 
/ Dist. Africa
Base Data Measure One 3
Mean 162,418 24,353 18.3 " 877,958 Mean 457 5,081 0.09
Std. Dev. (303,684) (33,307) (44.5) " (2,679,454) Std. Dev. (365) (813) (0.08)
# Obs. 135 107 100 " 147 # Obs. 280 280 280
All Data Measure Two 4
Mean 141,878 18,079 2,269 23.0 " Mean 723 5,538 0.14
Std. Dev. (287,269) (29,385) (18,084) (70.0) " Std. Dev. (828) (773) (0.18)
# Obs. 156 156 156 140 " # Obs. 280 280 280
Base Incl. Mulatto 2
Mean 783,273 " 96.8 " "
Std. Dev. (1,662,195) " (289.8) " "
# Obs. 135 " 100 " "
All Incl. Mulatto
Mean 679,156 " 3,504 101.9 "
Std. Dev. (1,568,045) " (23,498) (309.1) "
# Obs. 156 " 156 140 "
3
 The distance to the frontier is the great-circle distance from each state's capital to the western edge of a 241.5km-radius circle buffering the westernmost 
city established up until each period.  The distance to Africa is the great-circle distance from each state's capital to the Bight of Benin (6°E, 4°N).
4
 The distance to the frontier is the great-circle distance from each state's capital to the frontier as mapped by Hemming (1978); a linear expansion of the 
frontier is assumed for intermediate periods when the frontier is unknown.  The distance to Africa is the great-circle distance of each state's capital to the 
nearest port of disembarcation of African slaves plus the great-circle distance from that port to the city of Luanda, Angola (13°E, 9°S).
Table IV. Descriptive Statistics†
†The unit of observation is the state-period.  There are 20 states included across 14 periods, or potentially 280 obs. for each variable.
1
 The estimates of the Native Population in some periods are near-zero because the frontier did not move, the main factor determining the number of new 
Natives introduced into society during each period.  In this case, the numerator in the third column is potentially thousands of times greater than the 
denominator, creating large variation in the data.  Observations over ten times greater than adjacent values are removed.
2
 This paper is concerned with the ratio of individuals of primarily African descent to those of primarily Native descent.  The separate statistics for 
Mulattos, available beginning in 1775, are added to the African population for the purpose of capturing the entire population of primarily African descent.  
It is preferable to include mulattos to avoid grossly understating the size of the African-American population in Brazil.
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V. Empirical Analysis 
 
With data on the racial composition of up to twenty states in fourteen periods, it is 
possible to test the hypothesis that variation in the racial makeup of Brazil was principally 
determined by the marginal product of slaves and their relative supply.  Figure IV presents a 
scatterplot of the data for the log ratio of Africans to Natives (ln(Ait/Nit)) – including Mulattos 
and removing outliers (n=140) – on the log ratio of the distance to the frontier to the distance to 
Africa (ln(dFit/dAi)), as shown in equation (7) and using the second distance measures in Table IV 
above.  If I include outliers, the lay relationship shown in Figure IV is only strengthened. 
 
     Figure IV.  The Geography of Race in Brazil 
 
 
The figure implies that, all else equal, the further a state is from the frontier relative to 
Africa (moving rightward on the x-axis), the greater the share of Africans in the population 
(moving upward on the y-axis).  Conversely, the closer a state is to the frontier relative to Africa, 
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the lower the percentage of Africans.  Consider the observation for Pernambuco in 1900: the 
capital is nearly five times closer to the frontier than to Africa, but has almost seven times more 
African than Native inhabitants.  This figure suggests that there is a positive linear relationship 
between the log ratio of ‘Africans’ to ‘Natives’ and the inverse log ratio of their “prices.”  If this 
relationship is linear, then it is appropriate to use OLS to estimate the following equation: 
 
(8)  ln(Ait/Nit)  =  c + φ ln(dFi,t-1/dAi) + Φ (Xit) + εit 
 
This equation says that the log ratio of African to Native laborers in state i at time t 
(ln(Ait/Nit)) is equal to an intercept (c), plus a coefficient (φ) times the log ratio of the distance to 
the frontier to the distance to the slave ports in Africa (ln(dFi,t-1/dAi)), plus the product of a 
diagonal matrix of coefficients (Φ) and a vector of control variables (X), plus the error term (εit).  
Note that the distance to the frontier is lagged one year but, since the data are spaced at periods 
of 15 to 50 years, it does not make sense to use lags: the movement of the frontier in any given 
year is negligible so I use the current-period observations for all specifications. 
Equation (7) suggests that the coefficient φ is equal to one; however, this optimality 
condition is drawn from a model in which each state specializes in either mining or plantation 
agriculture.  If the economic activity was principally subsistence farming, then there should be 
no relationship (φ=0) other than that stemming from internal migration of Africans from 
neighboring states relative to the initial number of Natives.  Therefore, to identify the 
relationship between the race ratio (Ait/Nit) and the distance ratio (dFi,t-1/dAi) using equation (8), 
the vector X must include controls for whether a given state is suited to mining and/or plantation 
agriculture and its initial Native population (as well as the values of these variables in 
  
197
neighboring states).  These ‘natural resource’ controls are cross-section fixed effects that isolate 
whether or not slavery was feasible (whether the relationship in equation 8 would hold in a given 
state) and what the relative productivity difference between sectors is (part of the constant in 
equation 8).  The former effect would influence the coefficient estimate; the latter, the constant. 
A criticism of using time-invariant controls for gold deposits and sugarcane suitability in 
this specification is that the current locations of gold mines or cane fields may be very different 
from those hundreds of years ago.  Due to the nature of the data, this is not a major concern.  The 
gold deposits data capture whether there is or was gold in a given state, but not the number of 
gold mines that exist or existed; therefore, it is an exogenous endowment.  Brazil has 
experienced much deforestation over the centuries; however, it is unlikely that the temperature, 
precipitation, or gradient isoquants used here have shifted significantly (global warming is a 
relatively recent phenomenon which, in combination with the natural heating/cooling cycle of 
the Earth, may have raised the average temperature by only a few degrees during this period). 
The results of the OLS estimation of equation (8), with and without controls for the three 
factor endowments, are shown in columns one, three, and four of Table V.  Note that by taking 
the natural logs of the dependent and main explanatory variables, the coefficient estimate (φ) can 
be interpreted as an elasticity.  For the other variables, the semi-log specification means that the 
coefficient estimates indicate the percentage change in the dependent variable in response to a 
one-unit increase in the control variable. 
Column two separately estimates the coefficients on the log distance to the frontier and 
the log distance to Africa in order to test the restriction that the coefficient on the log of the ratio 
of the two variables is the same.  The initial population density is added separately from the first 
two controls in column four; even though physical geography may be truly exogenous, 
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population density is not.1  Thus, there is the potential for slight collinearity or correlation with 
the error term, and the two columns are separated to evaluate this possibility. 
 
(1) (2) (3) (4) (5) (6) (7)
ln(Dist. Frontier/ Dist. Africa) 2.58*** 2.60*** 2.50*** 0.46* 0.72** 0.79**
(0.29) (0.26) (0.25) (0.21) (0.22) (0.25)
ln(Dist. Frontier) 2.87***
(0.27)
ln(Dist. Africa) 0.97
(1.10)
Gold Deposits (1,000km2) 1.59** 1.62** 1.43*** 1.27*** 1.24***
(0.55) (0.51) (0.28) (0.28) (0.19)
% Suitable for Sugarcane 0.72 0.42 -0.24 -0.23 -1.96*
(0.75) (0.70) (0.45) (0.47) (0.79)
Initial Native Population -2.6E-6 -8.3E-6*** -7.8E-6*** -8.2E-6***
(3.2E-6) (1.3E-6) (1.4E-6) (1.5E-6)
Time 0.01*** 0.02*** 0.02***
(0.002) (0.002) (0.002)
End of Slave Trade Dummy -1.47*** -1.49***
(0.36) (0.37)
Avg. Gold Deposits Neighboring 
States 0.45
(0.75)
Avg. Sugarcane Suitability 
Neighboring States 2.22*
(0.90)
R-Squared 0.36 0.40 0.41 0.41 0.62 0.64 0.66
No. Observations 140 140 140 140 140 140 140
†Results from ordinary least squares.
‡White period standard errors in parentheses.  ***P-value < 0.001; **P-value < 0.01; *P-value < 0.05.
Mulatto Included; Outliers Omitted
Dependent Variable: ln(# African (A) / # Native (N))‡
Table V. Results for Racial Composition and Labor Cost (Distance Ratio)†
 
 
The logic presented here focuses on the movement in the frontier as the driving factor 
behind changes in the racial composition of Brazilian states.  Consider this variable for a 
                                                 
1
 Humans choose where to live, and that choice depends on physical geography.  In addition, the initial 
population density estimates, combined with historical mortality rates, were used to calculate some missing values 
(15.7%) of the dependent variable. 
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moment: The frontier, for the most part, is increasingly distant over time – as the frontier shifted, 
a plethora of world-changing events were occurring in Europe and elsewhere, beginning with the 
Enlightenment and then the Industrial Revolution.  It is possible that the shifting frontier is 
simply capturing this historical momentum.  Accordingly, the rapid expansion of the slave trade 
could be related to some overlooked processes evolving in Africa and Europe, such as the use of 
progressively larger slave ships or lower mortality during the passage, not the distance ratio 
itself.  Similarly, time can also capture the increasing share of native-born slaves and their more-
balanced age-sex ratio in Brazil, factors which caused slave mortality to decline.  Therefore, the 
estimation also explicitly controls for time; these results are shown in column five of Table V. 
One major political change that would limit the explanatory power of this model is the 
forced end of the international slave trade by England in 1850 (Bethell, 1970).  When new slaves 
could not be imported, the relative movement of the frontier would be less closely related to the 
African population.  To entertain this possibility, a dummy variable for the “end of the slave 
trade” is added (which takes a value of zero for t ≥ 1850) for the estimation shown in column six. 
Finally, the data for this study come from contiguous states, so it is plausible that the 
racial composition of any state be influenced by the extent of slavery in its neighbors.  For 
example, if a state has no gold mines but an adjacent state has many, then that state would be 
likely to have a larger-than-expected African population because of the migration of manumitted 
slaves or free children of slaves.  In this scenario, the relationship between the proxy for the 
labor cost ratio and the ratio of Africans to Natives, controlling for factor endowments, would be 
underestimated.  To control for this spatial autocorrelation, the model was re-estimated with 
additional controls for the average number of gold mines (per 1,000 km2) and the average 
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sugarcane suitability (%) across all adjoining states.  This specification is displayed in column 
seven of Table V. 
The model was estimated using ordinary-least squares (OLS); however, the imprecision 
of early population statistics generates heteroskedasticity in the data (the variance of the race 
ratio is greater further back in time).  As a result, the OLS standard errors are biased upwards, an 
issue which I resolve by using White period standard errors and covariance for the estimation 
and significance tests in Table V – the appropriate treatment given an unknown form of 
heteroskedasticity.  By correcting the standard errors, the main difference is that the coefficient 
on the distance ratio in column five is now statistically significant at standard levels. 
Column one quantifies what is very clear visually in Figure IV: there is a strong positive 
relationship between the race ratio (Ait/Nit) and distance ratio (dFit/dAi).  Additional information 
provided by the regression is that the elasticity is 2.6.  This suggests that for the average state, a 
1% increase in the cost of Native labor (a 4.6 km shift west of the frontier) corresponded to a 
2.6% increase in the ratio of Africans to Natives (an additional 53,265 Africans, all else equal).  
Furthermore, this coefficient is highly significant. 
Across all specifications, the coefficient on the price ratio ranges from 0.46 to 2.60 and is 
significant at the five-percent level.  Is this coefficient significantly different than one?  In 
columns one, three, and four, the coefficient is significantly greater than one at conventional 
significance levels; however, in columns six and seven, one fails to reject that the coefficient on 
the price ratio is equal to one, as indicated in equation (7). 
Column two demonstrates that the coefficients on the log distance to the frontier and the 
log distance to Africa, when estimated separately, are not significantly different.  That is, one 
fails to reject that the coefficients on the two variables are equal and estimating a single 
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coefficient (φ) on the log distance ratio is not a binding restriction on the model. There is more 
variation in the distance to the frontier variable than in the distance to Africa variable because the 
latter is constant for each state; hence, it is not surprising that the coefficient on the distance to 
the frontier is more-precisely estimated. 
In column three, the magnitude of the coefficient on the distance ratio increases after 
controlling for the two factor endowments.  The coefficients on “gold deposits” and “sugarcane 
suitability” are positive, as hypothesized, because slave labor should only be a feature of the 
mining and plantation sectors in Brazil.  Only the coefficient on the gold deposits variable is 
statistically significant.  When deposits of all minerals are controlled for, the coefficients on this 
alternative variable are also significant and don’t alter the other relationships.  In this case, and 
when other measures of gold deposits are used, the coefficient on sugarcane suitability is positive 
and significant (not presented here). 
A control for the initial Native population is added in column four.  In accord with the 
theory, in areas with a higher initial number of Natives, one observes a lower ratio of Africans to 
Natives.  This effect is significant, but its magnitude is small.  This may be because the initial 
Native population declined (or was assimilated) so rapidly it had a relatively small influence on 
the subsequent racial makeup of society.  Nonetheless, in some areas (with poorer endowments) 
it is the main determinant of racial composition.  Another interesting result is that the coefficient 
on sugarcane suitability drops when the initial population is controlled for – this substantiates the 
collinearity between the two variables, but is not a large concern because the other estimates do 
not change very much. 
Proceeding to column five, controlling for time trends causes the coefficient on the 
distance ratio to drop substantially, although it remains significant.  By adding a dummy for the 
  
202
effective end of the slave trade in 1850, however, the coefficient on the variable of interest 
increases substantially and is highly significant, lending credence to the argument that the end of 
slavery effectively broke the structural relationship between these two variables.  Note that the 
explanatory variables capture a large percentage of total variation in the race ratio within the 
sample (R2 = 0.64). 
Finally, column seven controls for spatial autocorrelation: the overlap effect of slavery in 
adjacent states that obscures the relationship between geography, prices, and racial composition.  
This regression shows that the coefficient estimate on the distance ratio in column six is biased 
downwards.  The coefficients on the factor endowments become smaller; however, neighbor 
states’ factor endowments have a moderately strong relationship to the race ratio.  Interestingly, 
while the presence of gold was significant in all specifications, the average gold deposits in 
neighboring states is not; rather, the coefficient on the neighbor’s sugarcane suitability variable is 
positive and significant.  I now consider the potential relationship between slave treatment 
(investment in health and reproduction) and the ratio of the African to Native population. 
The age-and-sex distribution of slave populations in Brazil – overwhelmingly male and 
adult – is now thought to be the main source of negative population growth, not treatment.  The 
age-sex distribution of Brazilian slaves was more distorted the greater the share of the population 
that consisted of slaves born in Africa; native-born slaves had more natural age-sex distributions 
and their prevalence in the slave population influenced its natural rate of increase (Klein and 
Vidal Luna, 2010).  Therefore, it is important to evaluate whether there is spatial variation in 
slave reproduction that would be manifested in larger native-born slave populations and overall 
mortality rates – factors which may affect my results. 
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I allowed for this feedback in my model, which includes the mortality rate of the slave 
population of African descent (asit) by location and time-period.  I recognize that decreasing 
slave mortality means larger African slave populations that are not explained by variation in my 
independent variable, the African to Native slave price ratio.  I capture this separate effect by 
controlling for time – over time, the presence of native-born slaves increased, so I may thereby 
avoid omitted variables bias.  The second issue is whether mortality rates are correlated with 
geographic location.  There is no evidence that they are; although, Klein and Vidal Luna (2010) 
suggest that men were less-important in non-export oriented sectors, so these had a more 
balanced age-sex ratio.  There is a spatial dimension to export-orientation but it does not have a 
clear relationship with the east-west distance proxy I employ for the price ratio.  I do control for 
sector-specific endowments, however: fixed effects that, combined with time effects, capture the 
differential mortality of African slaves across provinces (specialized by sector) and over time. 
The physical treatment of slaves is related to, but separate from, investment in children.  
Treatment may have varied with the relative price of African and Native slaves: further into the 
interior, valuable African slaves may have been treated better.  If so, mortality would be lower 
and the African population would be larger than expected, all-else-equal, given that Native 
slaves were cheaper.  The data do not permit me to evaluate this hypothesis, nor have I found 
anecdotal evidence of this; however, the implication for the estimation above is an imprecisely-
estimated coefficient on the price ratio.  Since I isolate a robust relationship, I conclude that 
spatial variation in the treatment of African slaves did not have a noticeable effect on the size of 
the population of African descent. 
In sum, the results provide strong evidence that variation in racial composition across 
states in Brazil was a result of shifting labor costs and initial factor endowments.  The relative 
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cost of labor had a powerful influence on the relative size of African and Native populations in 
Brazil.  Several potential criticisms of the model were addressed and building these alternative 
explanations into the model did not significantly alter the results; in fact, they added insight and 
improved the model’s explanatory strength.  To demonstrate the robustness of the results, I re-
estimated the model with four alternative combinations of dependent and independent variables; 
the results using these specifications are shown in Appendix V. 
 
VI. Additional Robustness Checks: Native American Population Estimates 
 
The demographic database outlined in Section IV included the estimation of 49 out of 
312 observations on the number of Natives and Africans, or 15.7 percent.  The inferred data 
cover the Native American population, when other data are absent, for the sixteenth, seventeenth, 
and eighteenth centuries, and the mid-twentieth century.  To recap, the 49 observations were 
calculated based on the following assumptions: If the natural rate of increase of the acculturated 
population was zero or negative, then the population of Natives in a settlement in any given time 
period would be limited to the Native peoples in newly-settled areas in that region. 
The Native population of Brazil is believed to have continued to decline until 1950, 
contrary to the decline and rebound observed for the indigenous population of North America 
(Ubelaker, 1992).  If one accepts Steward’s (1946) population density estimates, then there were 
a total of 1.7 million Natives living within Brazil’s contemporary borders around 1500.  The 
intersection of state boundaries with the areas settled by the Portuguese over time yields a set of 
polygons, each corresponding to the new area settled in each state-period.  In turn, the 
intersection of these polygons with the initial population densities, multiplied by their area, gives 
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their estimated Native headcount ca. 1500.  My estimates of the Native population in each 
settlement in subsequent periods are based on forward projection of the population in newly-
settled areas and therefore depend entirely on the rate of decline I assume. 
The estimates included in the demographic database in Section IV and in the estimation 
and results presented in Section V are based on Rosenblat’s (1954) figures for the decline of the 
Native population from 1492 to 1950.  He estimated that the Native population by 1570 was only 
80% of its size in 1492; 70% by 1650; 36% by 1825; 20% by 1940; and 20% by 1950.  This 
corresponds to an average annual population growth rate of -0.37%.1  I now investigate the 
robustness of the results to changes in the natural rate of increase of the Native population. 
Consider Native population growth rates ranging from positive ten percent to negative ten 
percent: If the annual natural rate of increase of the Native population over this period were 
positive one percent, than an initial Native population of 100,000 in 1500 would have increased 
to 14.5 million by 2000. Conversely, if the average rate of decline of the Native population were 
negative one percent, the same initial Native population would have decreased to 657 by 2000.  
Any growth rate outside of this range would correspond to an explosive increase or decrease of 
the population that may challenge my conclusions. 
If the Native population were to have positive growth, one would not expect the 
widespread importation of African slaves, all-else-equal.  On the other hand, if the Native 
population were to decline precipitously, then one would not expect the settlement of the interior 
to contribute as much to the domestic labor force; i.e. the distance ratio would explain less of the 
racial composition over time because African slaves would have been imported on a large scale 
very early-on.  Therefore, one would expect an upper-bound Native population growth rate 
                                                 
1
 The average population growth rate is the coefficient on time in a regression where the dependent variable 
is the log percent of the initial population and the independent variable is time. 
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beyond which the distance ratio becomes insignificant in explaining the racial composition of 
each state over time. 
Consider the third specification in Table V where the log race ratio is regressed on the log 
distance ratio, the prevalence of gold, and sugarcane suitability.  Using a rate of decline 
consistent with Rosenblat of -0.1%, the coefficient estimate is 2.6 with a standard error of 0.26.  
By adding the outliers back in (such that n=156) and repeatedly estimating this specification 
while varying the growth rate of the Native population, the robustness of the model to changes in 
the projected data can be tested.  Table VI shows the coefficient estimates, ordinary standard 
errors, and R-squared for this specification over a range of Native population growth rates. 
 
Table VI. Robustness: Native Population Growth Rates† 
Growth Rate Coefficient Std. Error R-Squared 
+10% -1.02 1.68 0.004 
+5% 0.82 0.83 0.008 
+4% 1.20 0.67 0.023 
+3% 1.58* 0.51 0.063 
+2% 1.96* 0.38 0.16 
+1% 2.35* 0.29 0.31 
+0.1% 2.71* 0.31 0.344 
-0.1% 2.79* 0.32 0.336 
-1% 3.14* 0.43 0.27 
-2% 3.55* 0.58 0.20 
-3% 3.95* 0.76 0.16 
-4% 4.36* 0.94 0.13 
-5% 4.78* 1.13 0.11 
-10% 6.92* 2.12 0.07 
†Results from specification in column (3) of Table V, Section V, with ordinary standard 
errors: ln(#African/#Native) = c + φ ln(Dist. Frontier/Dist. Africa) + ζ1Gold + ζ2Sugarcane.  
*Significant at 1%. 
 
The results in Table VI suggest that only by assuming an unrealistically high natural rate 
of increase of the Native population, of four percent or more, does the distance ratio cease to be 
significant.  As one relaxes the assumption of a relatively large negative population growth rate 
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(moving up from the bottom of the table), the fit of the model improves and peaks at a growth 
rate between plus and minus one-tenth of one percent. 
This is not necessarily evidence that Natives had near-zero post-Conquest average growth 
rates, but it does lead one to question one’s preconceptions.  The impact of epidemic disease, 
warfare, and enslavement was not equally severe in all regions, and perhaps less than 
contemporary narratives would have us believe (Carlos and Lewis, 2010).  On the other hand, it 
also suggests that Steward’s (1946) initial population density estimates are rather low, as 
evidenced by Chapter Four.  Regardless, an average growth rate of almost four percent, the level 
above which the distance ratio becomes insignificant, is extremely unlikely. 
 
VII. Conclusion 
 
If the New World was completely inhabited by Natives five hundred years ago, why does 
its racial composition vary so much today?  I consider the following argument: In areas favorable 
for extracting minerals or producing staples, high demand for labor and low supply led to the 
widespread adoption of slavery. Slaves were Indigenous or African; however, because natives 
were disproportionately affected by disease, warfare, and displacement, Africans became the 
predominant racial group. 
This is precisely what occurred in Brazil.  I establish the profit-motive of European 
settlers, describe the major economic sectors, identify the key variables guiding labor force 
decisions, and consider how shifting prices, proxied by distances, affected the race of slaves and 
society more-generally.  I provide the first complete compilation of historical demographic data, 
which I use to time reversals in the relative size of racial groups and evaluate my model.  I find 
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that shifting labor costs and factor endowments explain two thirds of variation in the relative size 
of Native and African populations.  The results are not sensitive to my categorizations of racial 
groups, measures of relative labor costs, or construction of the data. 
In Brazil, Africans substituted for Natives as their populations declined, but principally in 
those areas where slavery was profitable.  In my fully-specified model, I find that a 1% increase 
in the cost of Native labor (a 5-km shift west of the frontier) raised the ratio of people of African-
to-Native descent by 0.8% (an additional 16,000 Africans, all-else-equal).  Race is a source of 
pride, but also of social divisions that must be overcome to reach our economic potential.  An 
understanding of the evolution of race in the Americas is an important first step in this direction. 
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Chapter Six 
Conclusion 
 
If the Americas were completely inhabited by Natives five hundred years ago, why is the 
racial composition of countries today so diverse?  The answer proposed by economists and 
historians is that in areas favorable for extracting minerals (e.g. gold) or producing staples (e.g. 
sugar), high demand for labor and low supply led to the widespread adoption of slavery.  Slaves 
were either Native or African; however, since Native lands were directly settled by Europeans, 
Natives were disproportionately affected by disease and warfare.  As Native populations 
declined, African slaves became predominant in the mines and on the plantations.  In areas 
where slavery was not profitable, debt servitude was common and the population was generally 
of European descent. 
To evaluate this theory, I begin by creating a population database for Brazil, by state and 
race, which spans the period from 1500 to 2000 C.E.  I evaluate the quality of the data and find 
that it is reliable; however, coverage of Native and African populations is poor.  I supplement the 
data with new Native and African headcount estimates based on: 1.) Output levels, worker 
productivity, and African slave imports and 2.) Forward projection of the initial Native 
population.  The consolidation of population figures from disparate sources, combined with some 
novel work in historical demography, permits an investigation into the factors underlying the 
distribution of race in the New World. 
I provide a simple model in which the racial composition of countries in the Americas is 
determined, to some extent, by their economic organization.  In areas with a high marginal 
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productivity of labor, I propose that the racial composition of the labor force depended on the 
relative cost of African and Native slaves.  I evaluate this claim using the data on the racial 
composition of Brazilian states over time, as well as spatial data on factor endowments 
(sugarcane suitability, gold and mineral deposits), the initial Native population, and a distance-
based proxy for the relative cost of African and Native labor. 
Separately, I quantify the pre-Conquest Native population of Brazil and conclude that 
there were from 1.14 to 3.26 million indigenous people inhabiting the region ca. 1500.  The 
eastern coast was one of the most highly-populated regions but within a hundred years, the size 
of the African population eclipsed that of the Native.  The area around the Amazon basin was not 
settled until the following century and remained principally Indigenous until about 1750, when 
Africans became the largest racial group.  The southern region was also mainly Indigenous until 
the eighteenth century, became mostly African, and now is of predominantly European descent. 
In the northeast and south, these racial reversals coincided with the beginnings of large-
scale sugar and coffee production.  Population and output growth were closely related because of 
the economy’s reliance on slave labor.  In fact, the African populations suggested by early 
chroniclers are quite close to estimates based on the recorded level of output or imports of 
African slaves.  Statistics on the Native population are sparse, so I project the pre-Contact 
population forward for those areas eventually settled by the Portuguese. 
The Native population never regained its original size; my estimates suggest a relatively 
fast demographic collapse during Colonization.  The African slave population also experienced 
negative population growth, on average, over Brazil’s history.  To the contrary, the free African 
and Mulatto (mixed African/European) population demonstrated positive rates of natural 
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increase from the seventeenth century, when the first data for this group are available.  Overall, 
Brazil’s population grew at rates above the world average. 
The demographic and economic histories of Brazil are intimately related: the production 
of staples based on slave labor, the decline of the Native population, and the expansion of the 
frontier into the interior made African slaves vital to the country’s development.  My model 
incorporates the substitution of Native and African slaves based on their relative mortality, 
productivity, and price.  This simple economic logic, conditional on slavery, can explain two-
thirds of variation in the relative size of African and Native groups over the history of Brazil. 
The idea for this research emanated from the economics literature on the relationship 
between geography, institutions, and development.  In particular, the hypothesis that the physical 
geography of the lands ‘discovered’ by Europeans, combined with their production technology, 
determined colonial labor arrangements: In areas where mining or export agriculture was 
profitable, slavery became an institution – if labor was less productive, alternative labor 
arrangements, such as debt servitude, were adopted. 
In highly unequal societies in the Americas, the elites were able to maintain their 
advantage by restricting the right to vote and not investing in public education, resulting in lower 
per-capita incomes today (Sokoloff and Engerman, 2000).  This relationship has received 
quantitative support by Easterly (2007) and Nunn (2007).  These studies focus on the 
relationship between institutions, inequality, and development, but do not give sufficient 
consideration of the the fact that modern institutions evolved from a labor system which, 
lamentably, was founded on racial discrimination and coercion.  Although racial categorizations 
were historically a means of oppression, today race can be a source of pride – old social divisions 
must be overcome in order to reach our social and economic potential. 
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Many unresolved questions remain:  Why was indentured servitude never adopted in 
Brazil?  Does this theory hold for other countries in the Americas?  In what ways can the positive 
aspects of racial diversity be realized, and thereby promote development?  How important were 
local labor market conditions relative to those in Europe in explaining the Trans-Atlantic 
migration?  What can resolve the apparent paradox of African communities in the Andes?  There 
are some straightforward extensions of this work that can potentially answer these and related 
questions.  Although the America’s past is obscure – perhaps intentionally so – multidisciplinary 
research holds the greatest promise of broadening our understanding of the historical 
development of the New World. 
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Appendices 
 
Appendix I. (Chapter Three) – Brazil and the African Slave Trade 
 
Early estimates of the number of slaves brought to Brazil were made by Calogeras (1927) 
and Simonsen (1937).  Calogeras estimates that as many as five to six million slaves were 
imported into Brazil each century, fifteen million in all, based on a mortality rate of 4.5 percent 
and a population of 1.2 million in 1820.  Simonsen puts the overall number at 3.3 million, based 
on a slave’s average annual output in sugar, gold, and coffee production and an average effective 
lifespan of seven years.  Other early estimates cited by Curtin (1969) include Calmon (6-8 
million), Dunbar (5.75 million), and Taunay (3.6 million).  Up until the 1940s, the range of 
estimates is from about three to fifteen million. 
In 1949, Goulart (1975) improved upon these estimates by combining population, output, 
and, most appreciably, slave import records.  He concludes that a total of 3.5 to 3.6 million 
African slaves were introduced into Brazil.  Goulart is critical of Calogeras’ estimate: “They did 
not enter, in effect, those blacks into Brazil, not in such a quantity, not only because 
economically they weren’t necessary, but because, materially, they would not have been able to 
enter,” (p. 274-275).  In the following two decades, other authors made higher estimates, like 
Prado (5-6 million before 19th century) and Mendonça (4.83 million to 1830 plus about 2 million 
afterwards), cited in Conrad (1986).  Nonetheless, Goulart’s estimate continued to be accepted. 
Despite some revisions, Goulart’s data is still a major component of current statistics on 
the slave trade to Brazil.  Mauro (1960) revealed further documentation of slave imports in his 
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work on the Brazilian sugar industry in the sixteenth and seventeenth centuries.  In addition, 
Verger (1968) expanded on the work of Viana Filho, conducted in the 1940s, on African slaves 
in Bahia.  Curtin (1969) incorporates some of this new data to obtain his estimate of the African 
slave trade to Brazil.  He explains, “For present purposes, the figure of 3,646,800 is accepted as 
the total estimate for the slave trade to Brazil, mainly because it is the sum of the estimates by 
time period of Mauro and Goulart,” (p. 49). 
Curtin’s estimate is just above the upper end of Goulart’s.  The key differences between 
their figures stems from overlapping but different sources and in interpretation.  Even Curtin 
concedes, “[This estimate] is not necessarily any more accurate than any other estimate in that 
vicinity,” (p. 49).  Curtin’s ultimate purpose was to estimate the size of the entire African slave 
trade, not just of Brazil, and Goulart’s estimates were the most credible at the time.  Nonetheless, 
this is substantially less than the most recent estimate from the Slave Voyages Database, leading 
one to ask how estimates of the slave trade to Brazil have varied since Curtin. 
There was less investigation into the Brazilian slave trade in the 1970s and 1980s, but a 
notable new estimate is that of Conrad (1986), who suggests that perhaps over five million 
African slaves entered Brazil.  Conrad notes that all of these figures are approximations and must 
be considered with respect to the intent with which they were quoted: A serious study of 
documented slave imports, complemented by other evidence, is paramount to any reliable 
estimate of the volume of the slave trade. 
The most notable revision to the slave import data for Brazil comes in the 1990s with the 
development of the Trans-Atlantic Slave Trade Database, a project of Eltis, Behrendt, 
Richardson, and Klein (1999).  This contains 2,926 slave voyages to Brazil, spanning the period 
from 1576 to 1856, but for the sixteenth, seventeenth, and eighteenth centuries, respectively, 
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there are only one, four, and 132 observations.  Eltis (2001) revisited the database, 
supplementing the estimates from Curtin (1969).  The resulting database contains a total of 5,370 
records for Brazil spanning from 1574 to 1856, but still few documented voyages for the 
sixteenth and seventeenth centuries: four and 149.  The 1999 CD-ROM guidebook explains, 
“Indeed, the South Atlantic Portuguese trade remains by far the worst recorded precisely because 
this branch of the traffic operated to some extent independently of the others,” (p. 6). 
The latest version of the Trans-Atlantic Slave Trade Database contains over 5,370 
records of voyages destined principally for Brazil with a total number of slaves disembarked, or 
estimated to have disembarked based on ship size, etc., of 1.9 million – an average of 355 slaves 
per ship.  This source estimates that 5.5 million slaves were imported to Brazil over the course of 
the trade by imputing the data for periods with missing or incomplete voyage records. 
Beyond these assumptions, another difference between the 3.6 million suggested by 
Goulart/Curtin and the recent estimate of 5.5 million originates from the additional sources that 
have since surfaced.  The latter estimate will be used as a reference for the potential size of the 
slave trade to Brazil because it is based on the most-complete slave voyage records to-date.  The 
estimated slave imports to Brazil by region and century from the Trans-Atlantic Slave Trade 
Database are presented in Table AI. 
 
Table AI. Estimated African Slave Imports to Brazil† 
Century Amazonia Bahia Pernambuco SE Brazil Other Total 
1500-99 0 5,990 20,605 5,142 334 32,071 
1600-99 1,934 357,437 276,381 252,107 2,702 890,561 
1700-99 81,135 903,932 363,775 839,981 17,211 2,206,034 
1800-88 79,632 468,955 299,716 1,511,336 43,812 2,403,451 
Total 162,701 1,736,314 960,477 2,608,566 64,059 5,532,117 
†Source: Trans-Atlantic Slave Trade Database (www.slavevoyages.org) accessed August 2010. 
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Appendix II (Chapter Four) – Composite Animal Species 
Animal Name Description Gestation (days)
Weaning 
(days)
Litter 
Size
Litters/
Year
Adult Weight 
(grams) Biome(s) Found
Innate Rate 
of Increase'
Manatee Amazonia 328 548 1 0.5 480,000 Amazonia, Mangrove Forests 25%
Tapir Brazilian, Tapirus Terrestris 398 289 1 0.5 250,000 Atlantic Rainforest, Pantanal, Amazonia 25%
Deer Red Brocket, Mazama 245 156 1 0.9 200,000 Atlantic Rainforest 45%
Marsh Deer Blastocerus Dichotomus 270 .. 1 1 102,500 Savanna, Pantanal, Amazonia 50%
Caiman Black, Melanosuchus Niger .. .. .. .. 85,000 Amazonia ..
Jaguar Panthera Onca 99 126 2 0.5 81,150 Pantanal 50%
Puma Felis Concolor 92 90 2.5 0.45 63,000 Atlantic Rainforest, Savanna 56%
Pink River Dolphin Inia Geoffrensis 325 .. 1 0.5 46,667 Amazonia, Mangrove Forests 25%
Tortoise Geochelone Sulcata .. .. .. .. 43,000 Mangrove Forests ..
Pampas Deer Ozotocerus 213 167 1 1 32,500 Savanna 50%
Anteater Myrme Cophaga 184 56 1 1.2 28,500 Atlantic Rainforest, Savanna, Pantanal 60%
Otter Pteronura Brasiliensis 68 122 1.5 1 24,000
Atlantic Rainforest, 
Amazonia, 
Mangrove Forests
75%
Maned Wolf Chrysocyon 64 227 3 1.3 21,500 Savanna, Pantanal 195%
Peccary Collared, Tayassu 145 49 2 2 20,200
Atlantic Rainforest, 
Parana Pine, 
Pantanal, Amazonia
200%
Spider Monkey Brachyteles Arachnoides 232 662 1 0.3 11,170 Atlantic Rainforest 15%
Shark *Inter-birth 730 days 3.9 0.3 10,395 Mangrove Forests 59%
Agouti Agouti 116 70 1 1.5 9,000 Atlantic Rainforest 75%
Ocelot Felis Pandelis 77 106 2 1 8,800 Atlantic Rainforest 100%
Porcupine Chaetonys , *North American 210 60 1 1 8,600 Atlantic Rainforest, Parana Pine 50%
Jaguarundi Felis Jaguarundi 73 .. 2 2 7,000 Atlantic Rainforest 200%
Fox Crab-Eating, Cerdocyon 55 90 4 1.9 6,500 Atlantic Rainforest, Savanna 380%
Crab-Eating Racoon 63 .. 3 1 6,270 Mangrove Forests 150%
Sloth Two-Toed, Bradypus Torquatus 350 21 1 0.7 6,250 Atlantic Rainforest, Amazonia 35%
Armadillo Dasypus 133 137 4 1 5,500 Savanna, Pantanal, Caatingas 200%
Howler Monkey Black 187 195 1 1 5,463
Parana Pine, 
Savanna, Pantanal, 
Amazonia
50%
Coati Coati Mundi 73 86 4 2.3 4,750 Atlantic Rainforest 460%
Turtle Potocemis Unifulis 60 24 .. 4.3 4,500 Amazonia ..
Anaconda *Boa Const., Eunectes Murinus 125 .. 35 .. 3,532 Amazonia ..
Kinkajou Potos 115 119 1 1 3,000 Atlantic Rainforest 50%
Capuchin Brown 158 307 1.5 0.6 2,643 Atlantic Rainforest, Pantanal, Amazonia 45%
Spotted Cat Leopardus Tigrines 75 56 1.5 2.8 2,250 Caatingas 210%
Water Stingray *365 inter-birth interval .. .. 6.2 0.5 2,000 Pantanal 155%
Opossum Didelphis 12 94 6 2 1,530 Atlantic Rainforest, Parana Pine 600%
Tamarin Lion, Leontopitecus 128 131 2 1.8 655 Atlantic Rainforest, Amazonia 180%
Marmoset Calliturix 144 120 2 3.2 343 Atlantic Rainforest 320%
Guinea Pig Caneia Aperea 63 17 2.5 4.6 341 Caatingas 575%
White Marmoset Tufted-Ear 144 62 2 2 255 Savanna 200%
†The fauna and corresponding biomes are from Dov Por et al., Biomes of Brazil (2005); The gestation and weaning periods, litter size and litters per year, and weight were obtained from 
http://genomics.senescence.info/species.  '#Offspring/Year = Litters/Year*Litter Size; assuming an equal sex-ratio, the number of offspring per couple yields the maximum possible rate of 
reproduction, i.e. if two adults have two children, the innate capacity for growth is 200%.  Note that Litters/Year depends on the observed length of the inter-reproductive period.  
Numbers in italics are based on a number of litters per year equal to 365 days divided by the sum of the gestation and weaning periods; the numbers correspond closely for the others.
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Appendix I (Chapter Five) – Native Population Density in 1500, Brazil and Surrounding Areas 
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Appendix II (Chapter Five) – Areas of Brazil Settled during Three Centuries of Colonization 
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Appendix III (Chapter Five) – The Racial Makeup of Three Regions of Brazil1 
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Racial Composition of Northeast Brazil
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1
 The “North” includes the states of Pará and Maranhão; the “Northeast” consists of the states of Paraíba, 
Pernambuco, and Bahia; and, the “Southeast” comprises Espírito Santo, Rio de Janeiro, and São Paulo. 
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  Appendix IV (Chapter Five) – Descriptive Statistics 
Africans / 
Natives
Africans      
(Incl. Mulattos)/ 
Natives
Dist. Frontier / 
Dist. Africa
Gold Deposits 
(10,000 km2)†
% Suitable for 
Sugarcane†
Initial Pop. 
Density 
(100km2)†
Size (100km2)†
1. Alagoâs
(Maceió)
Mean 8.1 66.3 0.12 0.4 44.6 43.2 278
Std. Dev. 6.2 91.1 0.10
# Obs. 4 4 14
2. Amazonas
(Manaus)
Mean 0.4 6.5 0.04 1.1 0.3 21.2 15,707
Std. Dev. 0.4 8.6 0.00
# Obs. 5 5 14
3. Bahia
(Salvador)
Mean 64.9 275.9 0.09 3.7 30.3 19.2 5,647
Std. Dev. 134.9 590.4 0.10
# Obs. 11 11 14
4. Ceará
(Fortaleza)
Mean 8.9 128.4 0.13 0.9 1.8 31.7 1,488
Std. Dev. 14.0 213.9 0.14
# Obs. 3 3 14
5. Espírito Santo
(Vitória)
Mean 3.4 16.6 0.13 1.7 69.5 17.3 461
Std. Dev. 4.9 39.6 0.10
# Obs. 9 9 14
6. Goiás
(Goiânia)
Mean 42.0 337.0 0.07 9.4 15.1 10.7 3,401
Std. Dev. 61.1 673.8 0.05
# Obs. 6 6 14
7. Maranhão
(São Luis)
Mean 10.7 48.1 0.09 1.0 59.5 23.3 3,320
Std. Dev. 19.1 87.8 0.09
# Obs. 9 9 14
8. Mato Grosso
(Cuiabá)
Mean 6.2 23.4 0.07 3.2 10.4 18.7 9,034
Std. Dev. 5.2 21.5 0.03
# Obs. 7 7 14
9. Minas Gerais
(Belo Horizonte)
Mean 133.3 493.4 0.09 15.5 70.0 11.2 5,865
Std. Dev. 227.3 807.4 0.07
# Obs. 7 7 14
10. Pará
(Belém)
Mean 1.7 18.5 0.09 5.1 0.2 24.8 12,477
Std. Dev. 2.9 39.6 0.06
# Obs. 9 9 14
11. Paraíba
(João Pessoa)
Mean 4.3 31.5 0.13 3.7 10.8 27.7 564
Std. Dev. 4.5 65.5 0.11
# Obs. 8 8 14
† This variable is time-invariant and will serve as a control; therefore, the std. dev. and # obs. are not reported.
State                       
(Capital)
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Africans / 
Natives
Africans      
(Incl. Mulattos)/ 
Natives
Dist. Frontier / 
Dist. Africa
Gold Deposits 
(10,000 km2)†
% Suitable for 
Sugarcane†
Initial Pop. 
Density 
(100km2)†
Size (100km2)†
12. Paraná
(Curitiba)
Mean 34.5 70.4 0.05 4.0 99.1 23.4 199
Std. Dev. 45.2 89.8 0.02
# Obs. 5 5 14
13. Pernambuco
(Recife)
Mean 8.0 30.0 0.13 2.7 11.6 25.7 983
Std. Dev. 13.0 43.7 0.11
# Obs. 10 10 14
14. Piauí
(Teresina)
Mean 41.6 291.7 0.07 0.0 13.0 16.1 2,515
Std. Dev. 56.3 394.0 0.03
# Obs. 5 5 14
15. Rio de Janeiro
(Rio de Janeiro)
Mean 29.7 55.1 0.12 3.4 76.9 15.0 437
Std. Dev. 21.4 55.2 0.07
# Obs. 8 8 14
16. Rio Grande do Norte
(Natal)
Mean 9.0 90.8 0.14 2.5 3.7 42.7 528
Std. Dev. 15.3 200.1 0.12
# Obs. 6 6 14
17. Rio Grande do Sul
(Porto Alegre)
Mean 4.5 9.5 0.06 1.6 65.6 25.0 2,817
Std. Dev. 5.3 13.4 0.03
# Obs. 5 5 14
18. Santa Catarina
(Florianópolis)
Mean 13.6 22.2 0.06 1.4 80.0 38.7 953
Std. Dev. 15.5 22.5 0.03
# Obs. 6 6 14
19. São Paulo
(São Paulo)
Mean 11.4 28.6 0.08 0.0 90.3 20.2 2,482
Std. Dev. 16.8 48.7 0.05
# Obs. 12 12 14
20. Sergipe
(Aracajú)
Mean 9.0 58.3 0.12 1.4 69.1 39.6 219
Std. Dev. 7.0 71.4 0.11
# Obs. 5 5 14
* Total
Mean 23.0 101.9 0.09 3.1 41.1 24.8 3,469
Std. Dev. 70.0 309.1 0.08 3.6 34.4 9.9 4,340
# Obs. 140 140 280 20 20 20 20
† This variable is time-invariant and will serve as a control; therefore, the std. dev. and # obs. are not reported.
State                       
(Capital)
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Appendix V (Chapter Five) – Alternative Population/Labor Cost (Distance) Measures† 
 
 
All Data; 
No 
Outliers
Base Data All Data
All Data; 
No 
Outliers; 
No 
Mulattos
All Data; 
No 
Mulattos; 
New 
Distance 
Measures
ln(Dist. Frontier/ Dist. Africa) 0.79** 0.65* 1.09*** 0.48 0.41*
(0.25) (0.32) (0.28) (0.27) (0.19)
Gold Deposits (1,000km2) 1.24*** 1.17*** 1.03*** 1.40*** 1.18***
(0.19) (0.29) (0.28) (0.20) (0.31)
% Suitable for Sugarcane -1.96* -2.12* -3.01* -1.67* -2.57*
(0.79) (0.86) (1.17) (0.66) (1.00)
Initial Native Population -8.2E-6*** -9.2E-6*** -1.1E-5*** -8.7E-6*** -1.3E-5***
(1.5E-6) (1.4E-6) (2.7E-6) (1.5E-6) (1.9E-6)
Time 0.02*** 0.02*** 0.02*** 0.01*** 0.01***
(0.002) (0.005) (0.002) (0.002) (0.003)
End of Slave Trade Dummy -1.49*** -1.50** -1.82*** -1.60*** -1.47***
(0.37) (0.45) (0.41) (0.42) (0.40)
Avg. Gold Deposits Neighboring 
States 0.45 0.65 0.01 0.30 0.33
(0.75) (0.94) (0.99) (0.70) (0.97)
Avg. Sugarcane Suitability 
Neighboring States 2.22* 2.7** 2.93* 2.63*** 3.28**
(0.90) (0.98) (1.17) (0.67) (0.99)
R-Squared 0.66 0.64 0.51 0.52 0.37
No. Observations 140 100 156 140 156
†Results from ordinary least squares.
‡White period standard errors in parentheses.
***P-value < 0.001; **P-value < 0.01; *P-value < 0.05.
Dependent Variable: ln(# African (A) / # Native (N))‡
 
 
 
 
 
